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Acronyms and Abbreviations 

AFFF ....................................................................................... aqueous film-forming foam 
AOC ........................................................................................................ areas of concern 
AST .......................................................................................... aboveground storage tank 

BEI ......................................................................................... Bechtel Environmental, Inc. 
bgs .................................................................................................. below ground surface 

CERCLA ...... Comprehensive Environmental Response, Compensation, and Liability Act 
CNPS ................................................................................ California Native Plant Society 

DON ...................................................................... United States Department of the Navy 
DTSC .................................... California Environmental Protection Agency Department of 

Toxic Substances Control 
DWR ............................................................... California Department of Water Resources 

EPCRA ..................................... Emergency Planning and Community Right-to-Know Act 
ERCE .................................................... Environmental and Energy Services Corporation 

GAMA .................................. Groundwater Ambient Monitoring and Assessment Program 

IID............................................................................................... Imperial Irrigation District 
INRMP ................................................... Integrated Natural Resources Management Plan 
IRP ................................................................................. Installation Restoration Program 
ITRC .......................................................... Interstate Technology and Regulatory Council 

JP .................................................................................................................. jet propellant 
LHA……………………………………………………………………...lifetime health advisory 
MBTA ......................................................................................... Migratory Bird Treaty Act 
MCAS ......................................................................................... Marine Corps Air Station 
MMEC Group ........................................... Multi-Media Environmental Compliance Group 
msl ............................................................................................................. mean sea level 

NAF ......................................................................................................... Naval Air Facility 
NAAS ....................................................................................... Naval Auxiliary Air Station 
NALF ................................................................................... Naval Auxiliary Landing Field 
NAS ......................................................................................................... Naval Air Station 
NAVFAC SW ...................................... Naval Facilities Engineering Command Southwest 
NCP ........................ National Oil and Hazardous Substances Pollution Contingency Plan 
NEESA ................................................ Naval Energy and Environmental Support Activity 
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NIRIS .................................................. Naval Installation Restoration Information Solution 
NPTR .............................................................................. National Parachute Test Range 
 
OEL ................................................................................... Other Environmental Liabilities 
 
PA ............................................................................................... Preliminary Assessment 
PFAS ......................................................................... per- and polyfluoroalkyl substances 
PFOA  ............................................................................................ perfluorooctanoic acid 
PFBS ..................................................................................... perfluorobutanesulfonic acid 
PFC ............................................................................................ perfluorinated compound 
PFOS ........................................................................................ perfluorooctane sulfonate 
PPT………………………………………..……………………………………. parts per trillion 
PVC ........................................................................................................ polyvinyl chloride 
RSL…………………………………………………………………Regional Screening Levels 
RWQCB ................................................ California Regional Water Quality Control Board 
 
TO ................................................................................................................... Task Order 
TriEco-Tt ........................................ Joint Venture of Tri Eco LLC and Tetra Tech EM Inc. 
 
USDA ................................................................. United States Department of Agriculture 
U.S. EPA ................................................ United States Environmental Protection Agency 
USGS ............................................................................. United States Geological Survey 
UST .......................................................................................... underground storage tank 
 



Preliminary Assessment Report 
Basewide Investigation of Per- and Polyfluoroalkyl Substances 
Naval Air Facility El Centro, El Centro, California 
Contract N62473-16-D-2405, Task Order N6247318F4445 Introduction 

 

MMEC-2405-4445-0005 1-1 25 June 2019 

1.0 Introduction 

This Preliminary Assessment (PA) report for the basewide investigation of per- and 
polyfluoroalkyl substances (PFAS) at Naval Air Facility (NAF) El Centro, California 
(Figure 1) has been prepared by the Multi-Media Environmental Compliance Group 
(MMEC Group), a joint venture comprising Wood Environment & Infrastructure 
Solutions, Inc. and KMEA, Inc., on behalf of the Naval Facilities Engineering Command 
Southwest (NAVFAC SW) under Contract Number N62473-16-D-2405, Task Order 
Number N62418F4445. Research is being conducted in general accordance with the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), 
Sections 104 and 121; Executive Order 12580; and the National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP). This PA report provides findings from 
research conducted to identify potential PFAS areas of concern (AOCs).  

1.1 General Background 

PFAS are a class of synthetic organofluorine compounds that possess chemical 
structures that give them unique properties, including thermal stability and the ability to 
repel both water and oil. PFAS are characterized by carbon chains of varying lengths 
containing carbon-fluorine bonds. The strong electronegative force of the carbon-
fluorine bond requires a large amount of energy to break, which makes PFAS extremely 
resistant to biodegradation, photo-oxidation, direct photolysis, and hydrolysis. They 
have been used in hundreds of industrial applications and consumer products such as 
carpeting, apparel, upholstery, personal care products, non-stick cookware, food paper 
wrappings, firefighting foams, and metal plating (United States Environmental Protection 
Agency [U.S. EPA], 2016a). Another widely known source of PFAS is from its use in 
aqueous film-forming foam (AFFF) at firefighting training areas, use in fire suppression 
systems in hangars and other buildings, and accidental release through storage, 
transport, and day-to-day handling. AFFF containing PFAS was manufactured as early 
as the mid-1960s and was put into routine use by the early 1970s and PFAS are still 
required as an integral component of AFFF by the military specification. In addition to 
hangar buildings and firefighting training areas, PFAS may be found in ordnance burn 
areas, plating shops, oil/water separators, and landfills/disposal areas. 

In addition, some fire-resistant hydraulic fluids and pesticides are known to contain 
PFAS. PFAS may be present in areas where fire-resistant hydraulic fluid and pesticides 
were stored, used, spilled, or disposed of.  
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PFAS have been identified by the U.S. EPA as “emerging contaminants” (U.S. EPA, 
2017) and are of environmental concern because of their persistence in the 
environment and in organisms, migration potential in aqueous systems (e.g., 
groundwater), historically ubiquitous use in commercial products, and possible health 
effects at low levels of exposure. At this time, only three of the thousands of PFAS 
compounds that have been manufactured have current U.S. EPA standards available: 
perfluorobutanesulfonic acid (PFBS), perfluorooctanoic acid (PFOA), and 
perfluorooctane sulfonate (PFOS). In 2016, U.S. EPA issued a drinking water lifetime 
health advisory (LHA) of 70 parts per trillion (ppt) for PFOA and PFOS. When both 
PFOA and PFOS are found in drinking water, the combined concentrations of PFOA 
and PFOS should be compared with the 70 ppt LHA level (U.S. EPA 2016a, 2016b, 
2016c). While not legally enforceable, the LHA has been a driving force for investigation 
and remediation. Currently PFBS are the only PFAS listed in the November 2018 U.S. 
EPA Regional Screening Levels (RSLs). The generic RSL tables provide a noncancer 
reference dose, screening levels for soil and tap water, and soil screening levels for 
protection of groundwater (U.S. EPA, 2018) for PFBS only.  

Initial production of PFAS compounds began in the late 1940s (DON, 2016). PFOS was 
utilized in stain and water-resistant products, while PFOA was utilized for protective 
coatings. The use of these compounds (mostly PFOS) in fire fighting foam began in the 
1960s and were put into routine use by the early 1970s.  PFBS, developed around 2003 
to replace PFOS, is manufactured for use in paints, cleaning agents and water-
impermeable products.   

The production and use of long chain PFAS compounds, including PFOS and PFOA, 
has been reduced over the past 20 years.  In 2000, the sole U.S. manufacturer (and 
principal worldwide manufacturer) announced their voluntary phase-out of 
perfluorooctanyl chemistries, which included the compounds PFOS and PFOA.  

In 2006, the U.S. EPA invited eight major manufacturing companies in the PFAS 
industry to join a global stewardship program, the PFOA Stewardship Program, to 
commit to reducing PFOA, other longer-chained perfluorinated carboxylates, and 
related precursors that could be converted to these perfluorinated carboxylates from 
their global facility emissions and product content. The companies under the program 
were committed to achieve a 95 percent reduction in both facility emissions and product 
content levels by 2010 (from the established baseline in 2000), as well as committed to 
working toward the elimination of these chemicals in emissions and products by 2015 
(U.S, EPA, 2006). The program was highly successful and all eight companies met the 
established goals. Complimenting the PFOA Stewardship Program, since 2000, U.S. 
EPA has issued additional regulations, known as Significant New Use Rules (SNURs) 
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under the Toxic Substances Control Act, to restrict any future use of production of 
PFAS. The SNURs requires manufacturers and processors of identified chemicals to 
notify U.S. EPA of new uses of these chemicals before they are commercialized. Over 
one hundred perfluoroalkyl carboxylic acid and perfluoroalkane sulfonate chemicals 
have been included (Interstate Technology and Regulatory Council [ITRC], 2017). The 
U.S. EPA anticipates finalizing a separate SNUR in late 2018 to ensure that PFAS 
phased out as part of the PFOA Stewardship Program do not re-enter the marketplace 
without review (see 80 Federal Register [FR] 2885). 

In terms of mass/concentration at DON installations, use of AFFF is considered to have 
the greatest potential for release of PFAS compounds to the environment on Naval 
installations.  Evidence showing the initial use of AFFF at DON installations includes the 
Military Specification (Mil Spec) for AFFF (MIL-F-24385), issued in 1969, and the DON’s 
Qualified Products List from 1970 that included 3M Company’s AFFF formulation (DON, 
1969). The DON has used AFFF-containing PFAS in fire training exercises, in 
suppression of aircraft and other vehicle fires, and in aircraft hangar fire suppression 
systems at many of its installations across the United States. Despite the industry 
efforts to reduce the use of PFAS, some PFAS are still required as an integral 
component of AFFF by the current military specification.  

The potential release mechanisms of PFAS to the environment at DON facilities include 
AFFF usage as part of the following activities: 

 Fire training exercises at burn pits or structures 

 Crash crew training exercises 

 Hangar fire suppression system operations, testing, and accidental releases 

 Firefighting and crash response vehicle testing and cleanout 

 Emergency response actions, such as at aircraft and vehicle crash sites 

 Responses to Class B or fuel fires 

 Improper filling and leakage from storage tanks, firefighting trucks, or crash 
response vehicles 

Other potential release mechanisms of PFAS include the release of PFAS from oil/water 
separators and landfills where PFAS-containing materials or waste were disposed of. 
PFAS can also be found at ordnance burn areas. A final potential release pathway may 
be from the use of PFAS in vapor suppression systems associated with chromium 
plating (DON, 2016). 
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1.2 Objective 

The objective of the PA is to identify potential AOCs within the boundaries of NAF El 
Centro where PFAS were potentially handled, stored, used, or released.  This report 
includes findings from research conducted to determine whether and where PFAS may 
have been released to the environment at NAF El Centro’s main installation, current and 
former annexes, outlying fields, and ranges (the entire Base complex). 

1.3 Scope 

Research was conducted through (1) group discussion during the kickoff meeting, (2) 
personnel interviews, (3) online research (i.e., NAVFAC SW Administrative Record and 
Naval Installation Restoration Information Solution [NIRIS]), and (4) archival research at 
NAF El Centro to document AFFF storage and use at the installation. Additionally, 
MMEC Group conducted a site visit to NAF El Centro on May 30, 2018. 
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2.0 Installation Description 

NAF El Centro is located approximately 7 miles northwest of El Centro, California, and 
85 miles east of San Diego, California (Figure 1). NAF El Centro has had several 
names, including NAF, Naval Auxiliary Landing Field (NALF), Naval Air Station (NAS), 
Naval Auxiliary Air Station (NAAS), and National Parachute Test Range (NPTR). In 
1942, the base was commissioned as a Marine Corps Air Station with duties involving 
the maintenance of air-to-ground targets and the maintenance of NAAS Holtville and 
NAAS Salton Sea. On May 1, 1946, the base was commissioned as NAS El Centro. 
The Naval Parachute Experimental Unit commenced action at NAS El Centro in 1947 
and was followed by the Navy Air Technical Training Unit and the Fleet Air Gunnery 
Unit in 1949. In 1949, NAS El Centro was reduced to a NAAS with a mission of 
continuing support to the rotating fleet air squadrons and the Navy Parachute Unit. In 
1951, the Department of Defense Air Force, Navy Parachute Test Facility was created 
when the 6511th Parachute Test Group joined with the Naval Parachute Unit. From 
1951 to 1959, NAAS El Centro engaged in highly technical research and development 
programs to reduce piloted aircraft escape problems (DON, WestDiv, 1987).  

From 1959 to 1962, NAAS El Centro was reduced to NALF El Centro with the duties of 
supporting the Navy Parachute Test Facility. In 1962, NALF El Centro was upgraded to 
the status of NAF El Centro. In 1964, the U.S. Naval Aerospace Recovery Facility was 
designated and in July 1973, it was combined with the NAF El Centro to form the NPTR. 
In July 1979, the parachute testing function was transferred to NAS China Lake, and the 
base became NAF El Centro again (DON, WestDiv, 1987).    

For the first 35 years after commissioning, the mission of NAF El Centro was devoted to 
aeronautical escape system testing, evaluation, and design (Joint Venture of Tri Eco 
LLC and Tetra Tech EM Inc. [TriEco-Tt], 2012).  

2.1 Mission and Land Use 

The majority of NAF El Centro land is used for aircraft operations, aircraft maintenance, 
and the agricultural out-lease program. Other land uses include housing, administration, 
recreation, utilities, general maintenance, and supply and storage. Some NAF El Centro 
land remains undeveloped. Currently, NAF El Centro provides DON active and reserve 
aviation unit training and a location for operational activities. NAF El Centro has been 
used for gunnery, bombing, and carrier landing training, and air combat practice (Tierra 
Data System, 2014). 
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NAF El Centro’s primary mission has been fleet support since the NPTR transitioned to 
NAF El Centro. Facility upgrades were conducted to accommodate fleet deployment 
training cycles (DON, WestDiv, 1987), as strong urban growth placed more pressure on 
coastal airfields, such as NAS North Island, MCAS Miramar, and NAS Lemoore. 
Increased training, which involves high-performance jet aircraft, has relocated to NAF El 
Centro because of its remote location and clear, sunny weather (DON, WestDiv, 1987).   

Approximately 600 officers, enlisted personnel, and civilians currently occupy the base. 
The base provides services and housing for military personnel and maintains and 
operates facilities to support the aviation units and activities. These facilities have 
included a machine and welding shop, photographic laboratory, instrument laboratory, 
fabric shop, and transportation garage (MMEC Group, 2016). 

2.2 Environmental Data 

Sections 2.2.1 through 2.2.6 describe the environmental characteristics of the 
installation. 

2.2.1 Physical Setting 

NAF El Centro is located in the Colorado Desert geomorphic province of California 
(Norris and Webb, 1990). The Imperial Valley, where NAF El Centro is situated, 
occupies the north-central part of the Salton Trough, a large topographic and structural 
depression that extends from near Palm Springs to approximately 190 miles south 
reaching to the head of the Gulf of California. The lowest part of the trough is occupied 
by the Salton Sea, a saline lake fed primarily by waste irrigation water imported from the 
Colorado River. Much of the land surface in the Salton Trough is below sea level. 
Imperial Valley drains north into the Salton Sea, which is approximately 230 feet below 
mean sea level (msl) (MMEC Group, 2016).  

The San Andreas Fault borders the eastern side of the Salton Trough just east of the 
Sand Hills. The Superstition Hills Fault and Superstition Mountain Fault also pass within 
4.5 miles northwest of NAF El Centro. The Imperial Valley region thus experiences 
earthquakes of small to moderate size with magnitudes of 4.0 and greater (Tierra Data 
Systems, 2014). Imperial Valley is contiguous with the Mexicali Valley in Mexico and is 
flanked by the Chocolate Mountains on the northeast and the Peninsular Ranges of 
Southern California and Baja California on the southwest. Imperial Valley is divided into 
three regions: eastern, central, and western. NAF El Centro is located within the 
lowlands of central Imperial Valley, which is a broad, flat, northwest-sloping lowland that 
represents the bed of ancient Lake Cahuilla (Loeltz et al., 1975).  
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The Imperial Valley is divided into a central (Central Imperial Valley) lowland that is 
flanked by a broad alluvial plain on the east (Eastern Imperial Valley) and an area of low 
hills and alluvial slopes on the west (Western Imperial Valley). NAF El Centro is located 
within the central lowland, referred to as Central Imperial Valley (Bechtel Environmental, 
Inc. [BEI], 1996).  

The Central Imperial Valley is a broad, flat lowland that slopes northwestward from 
approximately sea level at the international border to the shore of the Salton Sea. The 
Central Imperial Valley is drained by the Alamo and New Rivers, and by a network of 
drains installed to remove irrigation wastewater. Both the Alamo and New Rivers have 
wide channels incised as deep as 40 feet. Most of this cutting took place from 1905 to 
1907, when the Colorado River flowed uncontrolled into these channels and established 
the present-day Salton Sea. The Central Imperial Valley lies entirely within the 
paleoshorelines of ancient Lake Cahuilla. As a result, surface conditions throughout the 
Central Imperial Valley are very similar, unlike those in the more diverse eastern and 
western parts of the valley. Soils formed from the lake bed deposits contain a large 
proportion of clay and silt, in contrast to the sandy soils of the eastern and western parts 
of the valley. The Central Imperial Valley is intensively cultivated (BEI, 1996). 

2.2.2 Geology 

Central Imperial Valley is underlain by alluvium and thick lacustrine deposits of silt and 
clay interspersed with coarse sand and gravel deposited in the basin as waters of 
ancient Lake Cahuilla evaporated. These deposits consist predominantly of sand and 
fine gravel around the margins of the Salton Trough and grade into silt and clay toward 
the axial portions (Dibblee, 1954). Below the alluvial and lacustrine deposits lies an 
unexposed succession of Tertiary and Quaternary sedimentary rocks which are 
composed predominantly of nonmarine sandstone and clays. The depth to bedrock is 
approximately 20,000 feet in the central portion of the valley (Rex, 1970). 

Lithologic data collected in previous studies (Woodward-Clyde Consultants, 1989; 
Environmental and Energy Services Corporation [ERCE], 1991) indicate portions of 
NAS El Centro are underlain by homogeneous, slightly plastic to plastic, reddish-brown 
silty clay to clay while other portions of NAS El Centro are underlain by medium to fine 
grained sediments. These sediments are typically medium to fine sands, clays, and 
silts. Vertical contacts between the different soil horizons tend to be gradational, 
whereas lateral grain size changes are generally abrupt (IT Corporation, 1991). 
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2.2.3 Surface Water 

NAF El Centro is within the Imperial Valley watershed, which encompasses 
approximately 5,500 square miles. Primary rivers are the New and Alamo, which 
originate in Mexico and flow northward from the Colorado River. The Colorado River 
water quality is naturally poor due to high salt content and is degraded further by the 
addition of irrigation, sewage, and industrial waste runoffs. Water originating from the 
Colorado River has been steadily declining in quality due to development by upstream 
users. The New River flows near the northwest corner of NAF El Centro (Tierra Data 
System, 2014).  

The region’s major source of water for domestic and agricultural use is the Colorado 
River. The Colorado River flows west to the Imperial Valley by way of the All-American 
Canal, built in 1940. The present Salton Sea, located on the site of a prehistoric lake, 
was formed between 1905 and 1907 by overflow of the Colorado River. Today, it serves 
as a drainage reservoir for irrigation return water and stormwater from the surrounding 
Coachella Valley, Imperial Valley, and Borrego Valley, and also receives drainage water 
from the Mexicali Valley in Mexico (California Regional Water Quality Control Board 
[RWQCB], 2014).  

This area includes a small portion of NAF El Centro’s northwestern boundary. Potential 
flooding is limited to an area along the western boundary extending approximately 1,200 
feet onto NAF El Centro. Flash flooding during storms is generally restricted to washes 
with a width of 200 feet or greater, especially in areas with poor drainage or steep, rocky 
areas (NAF El Centro, 2014a). However, no flooding has occurred outside these 
floodplain areas since the stabilization of the present drainage and irrigation system 
(Western Division Naval Facilities Engineering Command [NAVFAC], 1988). 

2.2.4 Groundwater 

NAF El Centro is located in the Imperial Valley Groundwater Basin which is located in 
the Colorado Desert Hydrologic Region. Imperial Valley Groundwater Basin is located in 
the southeastern part of California at the international border with Mexico. The basin lies 
within the southern part of the Colorado Desert Hydrologic Region, south of the Salton 
Sea (DRW, 2004). 

Imperial Valley Groundwater basin is bounded on the east by the Sand Hills and on the 
west by the impermeable rocks of the Fish Creek and Coyote Mountains. To the north 
the basin is bounded by the Salton Sea, which is the discharge point for groundwater in 
the basin. The physical groundwater basin extends across the border into Baja 
California where it underlies a contiguous part of the Mexicali Valley (CDPW, 1954). 
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However, in this report, the southern boundary of the Imperial Valley basin is defined 
politically as the international border with the Republic of Mexico. Major hydrologic 
features include the New and Alamo rivers, which flow north towards the Salton Sea. 
The rivers were formed in the mid to late 1800s when the Colorado River occasionally 
escaped the normal channel and flowed northward towards the present day Salton Sea 
(Setmire 1979). The All-American Canal (three branches) and the Coachella Canal also 
cross over the basin (California Department of Water Resources [DWR], 2004).  

The basin has two major aquifers, separated at depth by a semi-permeable aquitard 
that averages 60 feet thick and reaches a maximum thickness of 280 feet. The aquifers 
consist mostly of alluvial deposits of late Tertiary and Quaternary age. Average 
thickness of the upper aquifer is 200 feet with a maximum thickness of 450 feet. The 
lower aquifer averages 380 feet thick with a maximum thickness of 1,500 feet. As much 
as 80 feet of fine-grained, low permeability prehistoric lake deposits have accumulated 
on the nearly flat valley floor and cause locally confined aquifer conditions (Montgomery 
Watson, 1995). 

In general, the water table in the Central Imperial Valley is close to the ground surface 
because of the intensive agricultural irrigation in the area. This shallow occurrence of 
groundwater is a discontinuous perched system recharged by local irrigation practices. 
Near NAF El Centro, groundwater has historically been reported as shallow as 3 to 5 
feet below ground surface (bgs) (United States Department of Agriculture [USDA], 
1981). In March 1998, agricultural irrigation of surrounding fields was discontinued 
because of rising groundwater levels at NAF El Centro. In 2005, groundwater beneath 
NAF El Centro was reported to range from approximately 6 feet bgs at the southeastern 
corner of the base to approximately 39 feet bgs at the northwestern corner (BEI, 2005).  

The general direction of groundwater flow in the Imperial Valley is toward the axial part 
of the valley and then northwestward toward the Salton Sea (Loeltz et al., 1975). The 
water levels recorded in most wells do not change appreciably between seasons, and, 
as a result, the groundwater flow directions do not change appreciably (BEI, 1996).  

In the Imperial Valley, the main sources of groundwater recharge are seepage from 
canals and excessive irrigation water application. In the past, widespread water logging 
from over-watering of agricultural fields (to wash salts carried by the water from the 
plant root zone) spurred the installation of tile drains and ditches to carry off the excess 
water (Tierra Data System, 2014).   
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Groundwater recharge from the application of irrigation water is difficult to estimate; 
however, it is believed that most of the irrigation water is discharged to the New River 
through a network of underground drains. Recharge contribution from precipitation is 
assumed to be minimal because of the arid environment.  

Existing beneficial uses of the New River include the following: freshwater 
replenishment, water contact recreation, non-contact water recreation, warm freshwater 
habitat, wildlife habitat, and preservation of rare, threatened, or endangered species. 
The potential beneficial use of the New River is for industrial service supply (RWQCB, 
2014).  

2.2.5 Drinking Water Supply 

Drinking water for NAF El Centro is supplied by the water treatment facility located in 
the southwestern corner of the installation (Figure 2). The Imperial Irrigation District (IID) 
provides water from the Colorado River through a series of canals. Influent water from 
the Elder Canal is pumped into six sedimentation basins. After moving through the 
sedimentation basins, the influent water is treated with two different filter units, and then 
flows to chemical treatment tanks. The treated water is stored in two different reservoirs 
for a total capacity of 2.5 million gallons (NAF El Centro, 2014b). 

The surrounding cities of Imperial, El Centro, and Seeley all use surface water for their 
drinking water supply. According to interviews and information obtained from 
GeoTracker’s Groundwater Ambient Monitoring and Assessment Program (GAMA), 
California Water Science Center, United States Geological Survey (USGS), and DWR 
Water Data Library, no water supply wells or irrigation wells are present on or within 1 
mile of NAF El Centro (Figure 3).  

2.2.6 Biological/Ecological Profile 

Information on habitats and the animal and plant species, including special-status 
species that may occur at NAF El Centro, is provided in detail in the Integrated Natural 
Resources Management Plan (INRMP). NAF El Centro and its ranges lie in the 
Colorado Desert, where vegetation is sparse. The greatest diversity of mammals is 
found at NAF El Centro where water is available and on East Mesa where a nearby 
canal provides access to water. Approximately 11 species of reptiles and amphibians, 
19 species of mammals, and over 46 species of birds have been observed on NAF El 
Centro (Tierra Data Systems, 2014).  
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The potential federal threatened and endangered species include the Peirson’s milk 
vetch (Astragalus magdalenae var. peirsonii), desert tortoise (Gopherus agassizii), 
peninsular bighorn sheep (Ovis Canadensis nelsoni), willow flycatcher (Empidonax 
traillii), and Yuma clapper rail (Rallus longirostris yumanensis). These species have the 
potential to occur at NAF El Centro and its ranges; however, currently no threatened 
and endangered species have been documented at NAF El Centro. A complete list of 
special-status species is included in in the INRMP; however, they have no designated 
critical habitats and no Biological Opinion is in place, because none of the listed species 
are common at NAF El Centro (Tierra Data Systems, 2014). 

The California state species of special concern (SSC) found at NAF El Centro include 
the flat-tailed horned lizard (Phyrnosoma mcallii), Colorado Desert fringe-toed lizard 
(Uma notata), western burrowing owl (Athene cunicularia), prairie falcon (Falco 
mexicanus), LeConte’s thrasher (Toxostoma lecontei), loggerhead shrike (Lanius 
ludovicianus), Crissal thrasher (Toxostoma crissale), vermilion flycatcher (Pyrocephalus 
rubinus), pallid bat (Antrozous pallidus), Yuma myotis (Myotis yumanensis).  

Although NAF El Centro is not required to manage for sensitive species warranting 
stewardship, the DON recognizes the value of maintaining diverse ecosystems. The 
DON has identified specific objectives to protect the flat-tailed horned lizard and the 
western burrowing owl, which include habitat monitoring and rehabilitation and 
conducting surveys prior to construction or maintenance. The burrowing owl 
management plan was updated in 2010 and includes impact minimization measures. 
Project impact and facility maintenance impact minimization measures are carried out in 
accordance with Migratory Bird Treaty Act (MBTA) (Tierra Data Systems, 2014). 

Most native birds on NAF El Centro or its ranges are neotropical migratory species 
because substantial migratory bird activity occurs in the area. The Imperial Valley is 
within the Pacific Flyway and is an active area for migratory birds because of the 
presence of the Salton Sea, a critical stopover point for neotropical migrants. The Sonny 
Bono Salton Sea National Wildlife Refuge, situated at the southern end of the Salton 
Sea and approximately 25 miles north of NAF El Centro, “supports one of the most 
diverse avian compositions in the United States,” with more than 400 avian species 
recorded at the Sonny Bono Salton Sea National Wildlife Refuge, including numerous 
federally listed species (Tierra Data Systems, 2014). 

No federally listed plant species are known to occur at NAF El Centro or its ranges. The 
most prevalent plant community of the Mojave and Colorado deserts, creosote scrub, 
constitutes most of the East and West Ranges. Many of the potentially occurring rare 
plants are expected to occur on active or relict dunes. It is prudent to protect this habitat 
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on NAF El Centro because endemic wildlife species may also reside there. The sand 
food, Thurber’s pilostyles, and Wiggins’ croton, which are considered rare by the 
California Native Plant Society (CNPS), occur within NAF El Centro and its ranges 
(Tierra Data Systems, 2014). 

2.2.7 Potential Receptors 

Potential receptors at NAF El Centro include current and potential future residential use, 
current and potential future commercial/industrial use, and current and future base 
personnel use. Potential exposure pathways identified for these receptors include soil 
and groundwater. 
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3.0 Research Activities 

Research conducted to document PFAS use at NAF El Centro was through (1) group 
discussions during the kickoff meeting, (2) personnel interviews, (3) online research 
(i.e., NAVFAC SW Administrative Record and Naval Installation Restoration Information 
Solution [NIRIS]), and (4) archival research at NAF El Centro. Additionally, MMEC 
Group conducted a site visit to NAF El Centro on May 30, 2018. During the visit, MMEC 
Group personnel were escorted throughout NAF El Centro. In addition to the site walk, 
onsite interviews were conducted with civilian and military personnel, and with NAF El 
Centro employees to further identify potential AOCs at the installation. 

Other areas where there is potential for materials known to contain PFAS to be located 
can include the following: 

 Crash sites/aircraft fires 

 Firefighting training areas 

 Storage vessels/containers (underground storage tanks [USTs], aboveground 
storage tanks [ASTs], drums, buckets, etc.) where virgin or spent AFFF and 
materials known to contain PFAS were stored with or without secondary 
containment 

 Areas where AFFF or materials known to contain PFAS were used or released, 
documented via personnel interviews, environmental reports, electronic or print 
media, etc. 

During research, IRP sites and other areas of potential concern were identified and 
evaluated on the basis of how the area was historically or currently used.  

Storage Area: An area where materials known to contain PFAS were stored in bulk. 
Identified storage containers/areas had to have contained the following materials: 

 Materials known to contain PFAS; 

 Virgin AFFF for use; and   

 Spent AFFF and water mixture. 
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Usage/Spilled Area: An area where materials known to contain PFAS were discharged 
intentionally or unintentionally. Discharges include instances when: 

 Materials known to contain PFAS were discharged intentionally (fire training 
exercises, equipment testing, or firefighting activities); 

 Materials known to contain PFAS were released unintentionally (e.g. discharge 
from fire suppression system); and  

 Materials known to contain PFAS were released through transport mechanisms 
(overland flow to surface water bodies). 

Disposal Area: An area where materials known to contain PFAS were disposed of 
intentionally or unintentionally. Disposal areas include: 

 Landfills 

 Wastewater treatment plants (i.e., evaporation ponds and sludge beds) 

3.1 Previous PFAS Investigations 

No basewide investigations for PFAS have taken place at NAF El Centro at the time this 
PA Report was prepared. 

3.2 Summary of Interviews 

According to the DON, historical documentation of AFFF use and releases is often 
incomplete because records were not required. Therefore, in addition to document 
reviews, interviews will be crucial to understanding past practices and identifying the 
potential for environmental releases (DON, 2017). Sections 3.2.1 and 3.2.2 summarize 
interviews conducted as part of the PA.  

3.2.1 Group Interviews 

Two group interviews were conducted during the May 30, 2018 site visit. 

Robert Fischer and William Kagele 

Robert Fischer, Environmental Protection Specialist at NAF El Centro, and William 
Kagele, Water Program Manager at NAF El Centro, stated that on-base fire-
suppression systems used water prior to approximately 2008. Four new hangars were 
built in approximately 2008: Hangars 2, 3, 4, and 5. These new hangars are equipped 
with fire-suppression systems containing AFFF. According to Mr. Fischer, AFFF is 
stored in 3,000-gallon tanks in buildings located between Hangars 2, 3, 4, and 5. 



Preliminary Assessment Report 
Basewide Investigation of Per- and Polyfluoroalkyl Substances 
Naval Air Facility El Centro, El Centro, California 
Contract N62473-16-D-2405, Task Order N6247318F4445 Research Activities 

 

MMEC-2405-4445-0005 3-3 25 June 2019 

Mr. Fischer recalled an accidental release of AFFF in Hangar 3 which resulted in a 
release of AFFF that reached a height of approximately 8 feet within the hangar. Mr. 
Fischer suspected that the AFFF was eventually transported to the Wastewater 
Treatment Plant and the holding ponds via the sanitary sewer system. A follow-up 
phone interview with Mr. Kagele in June 2018 supported this assessment: the hangars 
are equipped with drains that transport fluid through the sanitary sewer to the 
Wastewater Treatment Plant.  

When asked about sludge disposal practices at NAF El Centro, Mr. Fischer responded 
that waste sludge is disposed of offsite after being stored in six concrete-lined drying 
beds. 

Based on the results of this group interview, the potential for PFAS contamination at 
Hangar 3, the sanitary sewer system near Hangar 3, and the Wastewater Treatment 
Plant, was evaluated further during the PA process. Conclusions can be found in 
Section 3.5.    

Fire Station Personnel 

A group interview was conducted with Fire Station personnel during the site visit 
conducted on May 30, 2018. Three areas of potential PFAS contamination were 
identified during the interview: 

 A release of AFFF occurred at the wash rack west of Hangar 6 because of a 
stuck valve on a fire truck. The spilled AFFF drained into a nearby stormwater 
drain and the soil west of Hangar 6. 

 The area north of IRP Sites 14 and 15 was used as a firefighting training area 
where AFFF was used in 2004 or 2006. 

 AFFF was stored in the unpaved area north of the Fire Station (Building 137).  

Based on the results of this group interview, the potential for PFAS contamination at the 
wash rack west of Hangar 6, the stormwater drain near Hangar 6, the suspected 
firefighting training area north of IRP Sites 14 and 15, and the unpaved AFFF storage 
area north of the Fire Station (Building 137), was evaluated further during the PA 
process. Conclusions can be found in Section 3.5.  
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3.2.2 Personnel Interviews 

Personnel interviews were initiated by the submittal of a PFAS information 
questionnaire to NAF El Centro and were completed by Robert Fischer, Environmental 
Protection Specialist at NAF El Centro; William Kagele, Water Program Manager at 
NAF El Centro; Fire Chief Jose Oropeza, Fire Chief at NAF El Centro; Kris Haugh, 
Public Affairs Officer at NAF El Centro; and Rand Center, Community Planner at NAF El 
Centro (Appendix A). 

Robert Fischer, Environmental Protection Specialist at NAF El Centro 

Mr. Fischer supplied additional information to MMEC Group personnel following the May 
20, 2018 site visit. Mr. Fischer provided a NAF El Centro base map on June 15, 2018, 
which included building numbers and brief building descriptions. 

Mr. Fischer recalled the A-3D Skywarrior crash that occurred in 1964. He supplied video 
footage of the crash aftermath via email on June 20, 2018. To his knowledge, only 
water was used to suppress the fire resulting from the crash. 

Based on the results of the interview, the A-3D Skywarrior crash was evaluated further 
during the PA. Conclusions can be found in Section 3.5. 

Fire Chief Jose Oropeza, Fire Chief at NAF El Centro 

Chief Oropeza was not available for an interview during the May 30, 2018 site visit. A 
follow-up phone call was conducted with Chief Oropeza on June 14, 2018. Chief 
Oropeza did not have additional information on the accidental AFFF releases described 
during the Fire Station personnel group interview. 

Chief Oropeza recalled five aircraft mishaps on base and provided a figure with the 
approximate locations: 

 An S-3 aircraft crashed in approximately 1978.  

 An F-4 aircraft crashed in early 1970s and AFFF was likely used at the crash 
site. 

 An A-7 aircraft crashed in 1980 and AFFF was likely used at the crash site. 

 A T-34 aircraft crashed in the mid-1990s and AFFF was likely used at the crash 
site. 

 An F/A-18 aircraft crashed 2011 and AFFF was not likely used at the crash site. 
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Chief Oropeza recalled that AFFF was likely deployed at the F-4 aircraft crash, the A-7 
aircraft crash, and the T-34 aircraft crash.  

Based on the results of the interview, the five aircraft mishaps were evaluated further 
during the PA process. Conclusions can be found in Section 3.5.    

Kris Haugh, Public Affairs Officer at NAF El Centro  

On July 5, 2018, an interview was conducted with Mr. Haugh, who has researched the 
A-3D Skywarrior crash extensively. Mr. Haugh stated the following:  

In 1964, an A-3D Skywarrior hit a telephone pole, causing it to crash into an exchange, 
theater, and commissary, which were in the locations of current Building 364 and 
Buildings 335–339, and started a fire. According to Mr. Haugh, water was used to 
suppress the fires that resulted from the crash. This statement is supported by 
eyewitness accounts of the crash and video coverage. Mr. Haugh does not believe that 
AFFF was used as fire suppressant at this event.   

Mr. Haugh was aware of the S-3 aircraft crash in the late 1970s described by Chief 
Oropeza. According to Mr. Haugh, there was no fire associated with the S-3 aircraft 
crash, and therefore no AFFF was deployed. Mr. Haugh did not have any information to 
add about other aircraft crashes described by Chief Oropeza; however, he was not 
aware of AFFF being used on any aircraft or structure fire on base. 

Based on the results of the interview, the A-3D Skywarrior crash and the S-3 aircraft 
crash were evaluated further during the PA process. Conclusions can be found in 
Section 3.5.    

Rand Center, Community Planner at NAF El Centro 

An interview was conducted with Mr. Center on June 11, 2018. Mr. Center was unsure 
of the current storage location of AFFF concentrate. When asked about Building 426, a 
known AFFF storage building, Mr. Center had no further details.   

Mr. Center indicated that the on-base fire stations were located in Buildings 137 and 
142. According to Mr. Center, there are plans to build a new fire station, but the funding 
has not been approved. Currently, there is a campaign to get funding to update the 
current facilities rather than construct a new building. 

In the 2014 Master Plan, the stormwater runoff on base is described as flowing to low-
lying areas. When asked about the locations of the low-lying areas are, Mr. Center 
indicated that there is a stormwater drainage system on base. He said that there are 
concrete-lined channels that flow to the New River, which eventually flows to the Salton 
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Sea. He also indicated that there is a stormwater drainage system on the airfield, but it 
is totally ineffective because of collapsed pipes and disrepair. 

Based on the results of the interview, the stormwater drainage system was evaluated 
further during the PA process. Conclusions can be found in Section 3.5.    

3.3 Review of Records 

MMEC Group conducted an internet search to obtain any available records such as 
historical images and drawings, technical reports, property records, news articles, and 
other available or appropriate information to document the use of materials known to 
contain PFAS at NAF El Centro. Online research was conducted by searching general 
internet/news sites and databases. General internet/news was searched using the 
following key words: “crash,” “fire,” “accident,” “emergency,” ‘response,” “mishap,” 
“PFAS,” “AFFF,” “aqueous film-forming foam,” “perfluorooctane sulfonate (PFOS),” 
“perfluorooctanoic acid (PFOA),” and “El Centro.”  

The NIRIS database was a primary source of information because it includes most, if 
not all, environmental documents for NAF El Centro. Other general search engines 
were also used to locate news articles and other information. Online databases were 
searched for the following key words: “AFFF,” “electroplating,” “wastewater 
treatment/sludge area (ponds),” “firefighting training area,” “landfill,” “oil/water 
separators,” “vehicle wash station,” “drum or soil storage,” “fire suppression system,” 
“airfield,” “foam,” and “crash and fire.”  

The following additional online resources were accessed for information: 

 NIRIS – environmental documents and historic site and material use 

 Assistant Secretary of the Navy, Energy, Installation, and Environment 
http://www.secnav.navy.mil/eie/pages/pfc-pfas.aspx 

 NAVFAC SW Administrative Record – environmental documents and historic site 
and material use 

 State Water Resources Control Board GeoTracker Database  – environmental 
site documents 

 California Environmental Protection Agency Department of Toxic Substances 
Control (DTSC) EnviroStor Database – environmental site documents 

 DTSC Hazardous Waste Tracking System – hazardous and non-hazardous 
material handling 
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 GeoTracker GAMA – groundwater well locations 

 California Water Science Center USGS 

 California Department of Water Resources Water Data Library – water supply 
well logs and information 

 Emergency Planning and Community Right-to-Know Act (EPCRA) – hazardous 
and non-hazardous material handling 

 Other Environmental Liabilities (OEL) Database – hazardous and non-hazardous 
material handling 

The information obtained during research was evaluated to identify areas at NAF El 
Centro where materials known to contain PFAS were potentially stored, used, spilled, or 
disposed of.  

All research was documented using the research logs provided in Appendix B and 
relevant documents provided in Appendix C, which will be submitted on CD only. 

3.4 Data Quality 

As discussed in Section 1, the objective of the PA is to identify potential PFAS AOCs 
within the boundaries of NAF El Centro where PFAS were potentially handled, stored, 
used, or released.  The PA includes all active and closed environmental sites, and other 
sites not included in the Installation Restoration Program (IRP) at NAF El Centro. To 
ensure that research activities were conducted sufficiently to fulfill these project 
objectives, a PFAS Research Checklist was used as a data quality tool to summarize 
the research activities discussed in Sections 4.1 and 4.2. The completed PFAS 
Research Checklist is included in Appendix D. 

3.5 Summary of Findings 

The PA assessed 42 sites in accordance with the DON’s PFAS Site Guidance, primarily 
subsections INV1 through INV5 of the Investigation Section (DON, 2017). An 
assessment of each of the 42 sites is provided below and in Table 1 and identifies 
information relative to known or suspected areas for PFAS releases to the environment. 
The personnel interviews and correspondence cited above can be found in Appendix A, 
and the documents cited below can be found in Appendix C. 
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Of the 42 sites assessed, 22 sites were identified as potential PFAS AOCs and are 
recommended for further SI (Figure 4):   

(1) Magazine Road Landfill (IRP Site 1). The site operated as a borrow pit from 
1964 to 1965, and then as a municipal landfill without a liner or leachate 
collection system.  Household waste with some construction and industrial 
waste was primarily collected. Monthly burning was conducted to reduce 
waste volume (NEESA, 1987; Appendix C). Consumer goods disposed of 
may have been treated with PFAS-containing non-stick and water/stain-
resistant coatings. These coatings were available starting in the 1940s and 
1950s, respectively. Use of AFFF containing PFAS began in the 1960s, so 
materials that came in contact with AFFF may have also been disposed in 
the landfill. Plating operations are known to contain PFAS (ITRC, 2017; 
Appendix C).  

(2) Patrol Road Landfill (IRP Site 2). The Patrol Road Landfill contained two 
units. Unit #1 was a borrow area for runway fills. Pits inside Unit #1 filled 
with water from irrigation return from agricultural fields. The pits existed 
from 1955 until 1962 when they were filled with demolition debris consisting 
mostly of concrete (NEESA, 1987; Appendix C). Unit #2 was operated as a 
municipal landfill with various waste material from 1946 to 1965, when 
landfill operations were transferred to Magazine Road Landfill (NEESA, 
1987; Appendix C). Consumer goods possibly treated with non-stick 
coatings and water/stain-resistant coatings may have been disposed of at 
the site. These coatings were available in the 1940s and 1950s, 
respectively. Use of AFFF containing PFAS began in the 1960s; materials 
that came in contact with AFFF may have also been disposed of in the 
landfill (ITRC, 2017; Appendix C).  

(3) Sludge Burial Area (IRP Site 3). IRP Site 3 is located at the northwest 
corner of NAF El Centro, about 500 feet east of the Sewage Stabilization 
Pond. The sludge burial area was an unlined excavation pit used in 1986 
for burial of sewage sludge previously removed from the drying bed in the 
sewage treatment plant (NEESA, 1987; Appendix C). Some PFAS are 
found in wastewater treatment plant effluent because conventional 
treatment methods may not remove PFAS efficiently. Treatment plants that 
receive industrial wastewater are particularly affected (ITRC, 2017; 
Appendix C).  

(4) 4th Street Firefighting Training Area (IRP Site 4). IRP Site 4 is an earthen 
bermed, unlined 15-foot diameter pit, located just south of 4th Street at NAF El 
Centro. This site was active from 1963 to 1975. This site was used for 
firefighting training every weekend for nine months of the year during its 
operation, with documented use of AFFF (Naval Energy and Environmental 
Support Activity [NEESA], 1987; Appendix C). Use of AFFF containing PFAS 
began in the 1960s (ITRC, 2017, Appendix C), which overlaps with the dates 
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AFFF was used at this site. After training operations ceased in the area, IRP 
Site 4 was used as a burn site for confiscated drugs and drug paraphernalia 
(NEESA, 1987; Appendix C). 

(5) Firefighting Training Area East of Hangar 3 (IRP Site 5). IRP Site 5 is 
located approximately 600 feet east of Hangar 3 at NAF El Centro. This site 
contained a circular area with an earthen berm and was used every 
weekend between 1958 and 1963 for firefighting training (NEESA, 1987; 
Appendix C) Use of AFFF containing PFAS began in the 1960s (ITRC, 
2017; Appendix C), which overlaps with dates firefighting training was 
conducted at this site.   

(6) Sewage Stabilization Ponds (IRP Site 10). IRP Site 10 is located in the 
northwest corner of the base and contains three unlined ponds which 
served as the only sewage treatment for the installation until 1976. 
Domestic and industrial sewage flowed into the ponds. No records 
documenting sludge removal were identified. The ponds serve as backup 
for when the sewage treatment plant went down (NEESA, 1987; Appendix 
C).  

(7) Runway Burn Area (IRP Site 11). IRP Site 11 is a circular area 
approximately 200 feet in diameter located in the southern portion of NAF 
El Centro. This site was used for aircraft firefighting exercises from 1979 
through 1980. The remains of a crashed T-28 were periodically set ablaze 
with jet propellant (JP)-5 and then extinguished as a firefighting training 
exercise (NEESA, 1987; Appendix C). Use of AFFF containing PFAS began 
in the 1960s (ITRC, 2017; Appendix C), which overlaps with dates 
firefighting exercises were conducted at this site.   

(8) Firefighting Training Area (IRP Site 17). IRP Site 17 is a rectangular firefighting 
pit and measures 57 by 112 feet. The sides of the pit are earthen berms 
approximately 1 foot high. Beginning in 1980, this site was used for firefighting 
training. Training occurred at least once per month with approximately 
25 gallons of AFFF used per training event (NEESA, 1987; Appendix C). Use of 
AFFF containing PFAS began in the 1960s (ITRC, 2017, Appendix C), which 
overlaps with that dates AFFF was used at this site. 

(9) Tiffany Road Debris Area (IRP Site 18). The Tiffany Road Debris Area 
served as the primary waste disposal site until the Magazine Road Landfill 
was opened in 1965. After 1965, the site was used infrequently until it was 
abandoned in the mid-1970s. Materials at the site were burned for 
compaction. A second area north of the burn site reportedly contains 
demolition debris (drywall, wood, and metal), landscape waste, and a small 
quantity of domestic waste, possibly from off-base sources. The clarifier 
that was used to treat the base sewage before the sewage treatment ponds 
were constructed is located on this site.  Reports indicate that the clarifier 
may have been compromised and cracked (General Dynamics, 2006; 
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Appendix C). Non-stick coatings and stain/water-resistant products were 
introduced in commercial products in the 1940s and 1950s, respectively. 
Consumer goods treated with these coatings may have been disposed of in 
the landfill (ITRC, 2017; Appendix C).  

(10) Fire Station (Buildings 137 and 142). According to the 2014 Master Plan and 
interviews with Chief Oropeza and members of the NAF El Centro Fire 
Department, Building 137 (Hangar 1) currently and historically has been used to 
store firefighting vehicles. Building 142 currently and historically has been used 
for sleeping quarters and offices for firefighters (NAF El Centro, 2014b; 
Appendix C). According to a group interview with members of the NAF El 
Centro Fire Department, there was historical AFFF storage and usage just north 
of Building 137. The area north of Building 137 is unpaved (Appendix A). 

(11) Fire Station Storage (Building 426). Building 426 is located on D Street, near 
the western boundary of the base. According to the 2014 Master Plan and 
interviews with Chief Oropeza, Building 426 currently and historically has been 
used to store AFFF concentrate and surplus firefighting equipment (NAF El 
Centro, 2014b; Appendix C). No records were identified that indicate leaks or 
spills of AFFF concentrate. 

(12) Wastewater Treatment Plant (Building 120). Building 120 is located in the 
northwestern corner of the base. Industrial and maintenance operation waste 
streams travel through the sanitary sewer system to the Waste Water 
Treatment Plant. According to interviews with William Kagele, the hangars have 
floor drains that connect to the sanitary sewer system. Mr. Kagele and Mr. 
Fischer also indicated that Hangar 3 had an accidental release of AFFF that 
reached a height of 8 feet within the hangar. Mr. Fischer indicated that the foam 
was likely disposed of in the sewage treatment holding pond via the sewer 
sanitary system (Appendix A).   

(13) Sanitary Sewer – Lift Stations (Buildings 122 and 446). Most wastewater pipes 
at the base are composed of vitrified clay and when broken are replaced with 
polyvinyl chloride (PVC) pipes. Underground suction ductile iron pipes at lift 
stations have reportedly corroded (NAF El Centro, 2014b; Appendix C). 
Industrial and maintenance operations waste streams may make their way to 
the sewer system. According to interviews with Mr. Kagele, the hangars have 
floor drains that connect to the sanitary sewer system. Buildings 122 and 446 
are near the Fire Station and Hangar 3, which reportedly had a release of AFFF 
that entered the sanitary sewer system and may have infiltrated surrounding 
soils via leaking pipes (Appendix A). 

(14) Storm drain. There are unlined drainage ditches throughout the base and a 
natural wash in the northwestern corner. Runoff that contained AFFF or fire-
resistant hydraulic fluid would end up in the base stormwater drainage system 
(NEESA, 1987; Appendix C). There may have been a subsurface stormwater 
drainage system on the airfield, but the pipes have reportedly degraded to the 
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point of collapse and no longer function (NAF El Centro, 2014b, Appendix C). 
The degraded nature of the drainage system was confirmed in an interview with 
Mr. Center. According to a group interview with members of the NAF El Centro 
Fire Department, a release of AFFF occurred because of a stuck valve on one 
of the fire trucks at Hangar 6, and the spilled fluid drained to a nearby 
stormwater drainage ditch (Appendix A). 

(15) Newly Constructed Hangars 2, 3, 4, and 5 (Buildings 820, 830, 840, and 850, 
respectively). According to interviews with Mr. Fischer, the newer hangars 
(Hangars 2, 3, 4, and 5) have AFFF flood systems for fire suppression. 
According to Mr. Fischer the AFFF flood systems have never been tested 
(Appendix A). Hangars with AFFF fire suppression have at least two 
approximately 900-gallon ASTs used to hold premixed AFFF. Maintenance of 
aircraft would occur in hangars, and aviation fire-resistant hydraulic fluid is 
known to contain PFAS (ITRC, 2017; Keml, 2004; Appendix C). However, no 
spills or releases of aviation hydraulic fluids have been reported.  According to 
interviews with Mr. Kagele, the hangars have floor drains that connect to the 
sanitary sewer system (Appendix A). 

(16) Newly Constructed Hangar 3 (Building 830). According to Mr. Fischer, there 
was an accidental release of one of the flood systems, resulting in AFFF 
reaching 8 feet in height in Hangar 3. Mr. Fischer indicated that the foam 
from the release was likely disposed of in the sewage treatment holding 
pond via the sanitary sewer system (Appendix A). According to interviews 
with Mr. Kagele, the hangars have floor drains that connect to the sanitary 
sewer system, which reportedly has a history of breaks and repairs. 

(17) Accidental AFFF Release Area (near Hangar 6). According to a group interview 
with members of the NAF El Centro Fire Department, a release of AFFF 
occurred because of a stuck valve on one of the fire trucks in 2006 or 2008. The 
fluid drained to a nearby stormwater drainage ditch and the surrounding soil at 
Hangar 6 (Appendix A). 

(18) Former Firefighting Training Area. According to a group interview with members 
of the NAF El Centro Fire Department, the area north of IRP Sites 14 and 15 
was a former firefighting training area where AFFF was used in 2004 or 2006 
(Appendix A). 

(19) Wash Rack/Oil-Water Separator near Hangar 1. According to interviews with 
Mr. Fischer, this is one of two wash racks with oil-water separators near the 
runway and apron (Appendix A). This wash rack is south of Hangar 1 (Building 
137, part of the fire station). AFFF was reportedly stored near the hangar and 
may have entered the oil-water separator and accumulated in the sludge. 
Aviation fire-resistant hydraulic fluids, which have been known to contain PFAS, 
may have been in the wastewater and entered the oil-water separator (ITRC, 
2017; Keml, 2004; Appendix C). 
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(20) Wash Rack/Oil-Water Separator near Hangar 6. According to interviews with 
Mr. Fischer, this is one of two wash racks with oil-water separators near the 
runway and apron. This wash rack is south of Hangar 1 (Building 137, part of 
the fire station). AFFF was reportedly stored near the hangar, and may have 
entered the oil-water separator and accumulated in the sludge (Appendix A). 
Aviation fire-resistant hydraulic fluids, which have been known to contain PFAS, 
may have been in the wastewater and entered the oil-water separator (ITRC, 
2017; Keml, 2004). 

(21) T-34 Aircraft Crash. In 1995, a T-34 aircraft crashed Near Runway 12. 
AFFF usage is unknown, but use of AFFF containing PFAS began in the 
1960s (ITRC, 2017). According to information provided by Chief Oropeza, 
AFFF was likely used at the scene of this crash. According to an interview 
with Mr. Haugh, AFFF has not been used on any aircraft or structure fire on 
the base, but he had no other details on this particular crash (Appendix A). 

(22) F-4 Aircraft Crash. In 1972, an F-4 aircraft crashed south of IRP Site 8. AFFF 
usage is unknown, but use of AFFF containing PFAS began in the 1960s 
(ITRC, 2017; Appendix C).  According to information provided by Chief 
Oropeza, AFFF was likely used at the scene of this crash. According to an 
interview with Mr. Haugh, AFFF has not been used on any aircraft or structure 
fire on the base, but he had no other details on this particular crash (Appendix 
A). 

The following sites were included in the assessment, but were not identified as potential 
PFAS AOCs:  

(1) Northwest Firefighting Training Area (IRP Site 6). The exact location of IRP Site 
6 is unknown. It is located approximately 750 feet east of the sewage treatment 
plant. The firefighting training area was active from 1946 through 1958 and 
closed before use of AFFF containing PFAS, which began in the 1960s 
(NEESA, 1987; ITRC, 2017; Appendix C). No documentation was found that 
identified PFAS releases in this area. 

(2) Abandoned Fuel Farm (IRP Site 7). IRP Site 7 is located 400 feet north of 4th 
Street. IRP Site 7 contained eleven 50,000-gallon USTs and twelve 25,000-
gallon USTs. All USTs within the Abandoned Fuel Farm were decommissioned 
by 1958 (NEESA, 1987; Appendix C). No documentation was found that 
identified PFAS releases in this area. 

(3) Scrapyard (IRP Site 8). IRP Site 8 is bordered on the south and west by the 
Patrol Road Landfill. IRP Site 8 is a rectangular area approximately 500 feet 
long and 250 feet wide and was constructed by the Defense Reutilization and 
Marketing Office in 1958 for the storage of salvaged metals prior to resale. 
Items stored in the IRP Site 8 include old refrigerators, water coolers, empty 
drums, tanks, paint cans, film and film canisters, sand blast equipment, and 
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spent transformers (NEESA, 1987; Appendix C). No documentation was found 
that identified PFAS releases in this area. 

(4) Transformer Storage Area (IRP Site 9). IRP Site 9 consists of a 150 foot by 150 
foot area used to store transformers from 1963 to 1983 (NEESA, 1987; 
Appendix C). Transformers are not typically associated with fluids known to 
contain PFAS (ITRC, 2017; Appendix C). No documentation was found that 
identified PFAS releases in this area. 

(5) Open Burn Pit (IRP Site 12). IRP Site 12 is located on the eastern boundary 
of NAF El Centro and was used from 1981 to 1986 to dispose of 
confiscated drugs, drug paraphernalia, ceramic pipes, cardboard, tin-coated 
steel cans, mason jars, and wood. The fires were allowed to burn 
themselves out (NEESA, 1987; Appendix C). No documentation was found 
that identified PFAS releases in this area. 

(6) Old Incinerator (IRP Site 13). IRP Site 13 is located in the northeast corner of 
the base was used for burning paper only (NEESA, 1987; Appendix C). The 
incinerator was used from 1941 to 1953. There were no materials identified that 
were likely to contain PFAS (ITRC, 2017; Appendix C). 

(7) Fuel Farm Tank Rinsate Disposal Area (IRP Site 14). IRP Site 14 is located in 
the southwest corner of the fuel farm area. The site was used from 1960 to 
1985 as a drainage area for fuel farm tank rinsate and sludge (NEESA, 1987; 
Appendix C). None of these fluids is known to contain PFAS (ITRC, 2017; 
Appendix C). 

(8) Fuel Farm Filter Cleaning Area (IRP Site 15). IRP Site 15 is located in the 
northwest corner of the fuel farm area and received fuel during filter cleaning 
from 1958 to 1981. During the filter cleaning process, spilled fuel would be 
collected into sumps that were allowed to drain into the ground (NEESA, 1987; 
Appendix C). None of these fluids is known to contain PFAS (ITRC, 2017; 
Appendix C). 

(9) Potassium Ferricyanide Spill Area (IRP Site 16). An AST containing potassium 
ferricyanide bleach ruptured in 1981, releasing approximately 100 gallons 
(NEESA, 1987; Appendix C). Potassium ferricyanide bleach is used in color 
photo processing and does not contain PFAS (ITRC, 2017; Appendix C). 

(10) Wastewater – Force Main Pumps. Most wastewater pipes at the base are 
vitrified clay and when broken are replaced with PVC. Industrial and 
maintenance operations waste streams may make their way to the sanitary 
sewer system (NAF El Centro, 2014b; Appendix C). According to interviews 
with Mr. Kagele, the hangars have floor drains that connect to the sanitary 
sewer system. No reports of leaking force main pumps were identified 
(Appendix A). 

(11) Potable Water Treatment. Potable water for NAF El Centro starts as raw water 
from the Elder Canal, which originates upgradient of the base. All potable water 
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for the installation goes through the water treatment facility (NAF El Centro, 
2014b; Appendix C). The Elder Canal flows toward the New River near the 
northwestern portion of the base. (NEESA, 1987; Appendix C). It is unknown 
whether there are PFAS sources upgradient from the base. No documentation 
was found that identified any PFAS releases in this area. 

(12) Old Hangars. The older hangars (1, 6, 7, 8, and 9) have water suppression 
systems. Hangar 1 is the current vehicle storage for the Fire Department. See 
Fire Station for additional information on Hangar 1. Maintenance of aircraft 
would occur in hangars and some hydraulic fluids/lubrication fluids may contain 
PFAS; however, based on documentation available, it is unclear if the hydraulic 
fluids/lubrication fluids that were present at this site contain PFAS, and no 
known release of products containing PFAS has been documented. 

(13) A-3D Skywarrior Crash, October 1964. A wing of the crashed aircraft damaged 
the administration building, and a detached engine created a hole in the chapel. 
The aircraft crashed into the exchange, theater, and commissary, which were in 
the location of current Building 364 and Buildings 335-339, and started a fire. 
According to an interview with Kris Haugh, NAF El Centro Public Affairs Officer, 
eyewitness accounts and video indicate only water being used for fire 
suppression (Appendix A).   

(14) A-7 Crash, 1980s. According to Mr. Haugh, this crash did not result in a fire. 
Mr. Haugh stated that photos had been taken of the crash and no fire was 
visible. 

(15) F/A-18 Crash, 2011. According to information provided by Chief Oropeza, AFFF 
was not used at the scene of this crash. According to an interview with Mr. 
Haugh, AFFF has not been used on any aircraft or structure fire on the base, 
but he had no other details on this particular crash (Appendix A). 

(16) S-3 Crash, 1978. According to Mr. Haugh, this crash did not result in a fire. 
He mentioned that photos had been taken of the crash site and no fire was 
visible (Appendix A). 

(17) Hot Pit. The Hot Pit is located east of Hangar 1. Hot pits are used for 
refueling of aircraft while the engines are still running. No reports of aircraft 
or fuel fires requiring fire suppression at the Hot Pit were identified. 

(18) Plating Shop. Plating wastes are reportedly present in the landfills and in 
the industrial waste streams (NEESA, 1987; Appendix C). However, 
research and interviews were unable to identify the location of a former 
plating shop. No records were found of spills or releases related to the 
plating shop.   
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(19) Photography Shop. There is mention of photography shop waste in the 
industrial waste streams as well as the release of potassium ferricyanide (IRP 
Site 16), which does not contain PFAS (NEESA, 1987; Appendix C). Some 
photography agents are known to contain PFAS, but there have been no 
documented releases of products known to contain PFAS. 

(20) Hazardous Waste. Building 530 was identified as a Hazardous Waste 
Facility and Building 539 stores hazardous materials. No reports of spills or 
releases related to the hazardous waste operations were identified. 
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4.0 Summary 

The objective of the PA is to identify potential AOCs within the boundaries of NAF El 
Centro where PFAS were potentially handled, stored, used, or released.  

Research was conducted through (1) group discussion during the kickoff meeting, (2) 
personnel interviews, (3) online research (i.e., NAVFAC SW Administrative Record and 
Naval Installation Restoration Information Solution [NIRIS]), and (4) archival research at 
NAF El Centro to document PFAS storage and use at the installation. Additionally, 
MMEC Group conducted a site visit to NAF El Centro on May 30, 2018. 

Twenty-two potential AOCs were identified as having the potential to be impacted by 
materials known to contain PFAS:  

(1) Magazine Road Landfill (IRP Site 1) 

(2) Patrol Road Landfill (IRP Site 2) 

(3) Sludge Burial Area (IRP Site 3) 

(4) 4th Street Firefighting Training Area (IRP Site 4) 

(5) Firefighting Training Area East of Hangar 3 (IRP Site 5)  

(6) Sewage Stabilization Ponds (IRP Site 10) 

(7) Runway Burn Area (IRP Site 11) 

(8) Firefighting Training Area (IRP Site 17) 

(9) Tiffany Road Debris Area (IRP Site 18) 

(10) Fire Station (Buildings 137 and 142) 

(11) Fire Station Storage (Building 426) 

(12) Wastewater Treatment Plant (Building 120)   

(13) Sanitary Sewer – Lift Stations (Buildings 122 and 446)  

(14) Storm drain 

(15) Newly Constructed Hangars 2, 3, 4, and 5 (Buildings 820, 830, 840, and 850, 
respectively) 

(16) Newly Constructed Hangar 3 (Building 830)  

(17) Accidental AFFF Release Area (near Hangar 6) 

(18) Former Firefighting Training Area 

(19) Wash Rack/Oil-Water Separator near Hangar 1  
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(20) Wash Rack/Oil-Water Separator near Hangar 6 

(21) T-34 Aircraft Crash 

(22) F-4 Aircraft Crash  

Table 1 summarizes the potential PFAS AOCs and potential media/receptors identified 
during the research, and the locations of these AOCs are shown on Figure 4. 
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Table 1: Summary of Potential PFAS Areas of Concern 
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Table 1
Summary of Potential PFAS Areas of Concern

Table

IRP Site  Site Name, Status Use Date Current Location
Types of Materials 

Stored/Used/
Spilled/Disposed of

Potential for 
PFAS

Recommended 
Media to Sample

Justification for Potential Future Action or No Future Action Documentation Reference

1
Magazine Road 
Landfill

1965 to 1983
Northern portion of 
NAF El Centro

Household rubbish, plating 
waste, asbestos, water 
bearing fuel, paint, solvents, 
spent 40-mm cartridges, 
photographic chemicals, film, 
sandblast grit, demolition 
debris, parachutes, used 
hydraulic fluids, motor oil, 
paint thinners, pesticides 
containers, and batteries.

Yes
Soil and 
Groundwater

The site operated as a borrow pit from 1964 to 1965, and then as a municipal 
landfill without a liner or leachate collection system.  Household waste with 
some construction and industrial waste was primarily collected. Monthly 
burning was conducted to reduce waste volume (NEESA, 1987). Consumer 
goods disposed of may have been treated with PFAS-containing non-stick and 
water/stain-resistant coatings. These coatings were available starting in the 
1940s and 1950s, respectively.Use of AFFF containing PFAS began in the 
1960s, so materials that came in contact with AFFF may have also been 
disposed in the landfill (ITRC, 2017). Plating operations are known to contain 
PFAS (ITRC, 2017).  

PA/SI (NEESA, 1987)

2 Patrol Road Landfill 1946 to 1965
Northwestern portion 
of NAF El Centro

Unit 1: Runway fill material, 
construction demolition 
debris (concrete, metals)
Unit 2: Household rubbish, 
paint, solvents, photographic 
chemicals, ACM, fuels, oils, 
empty drums, mercury 
amalgam, batteries, 
parachutes, spray cans, 
spray paint filters, demolition 
debris, pesticides, tires, 
asphalt, wood

Yes
Soil and 
Groundwater

Unit 1: This area was a borrow area for runway fills. Pits filled with water from 
irrigation return from agricultural fields. Pits existed from 1955 until 1962 when 
they were filled with demolition debris consisting mostly of concrete (NEESA, 
1987).
Unit 2: This area was operated as a municipal landfill with various waste 
material from 1946 to 1965, when landfill operations were transferred to 
Magazine Road Landfill (NEESA, 1987). 
Consumer goods possibly treated with non-stick coatings and water/stain-
resistant coatings may have been disposed of here. These coatings were 
available in the 1940s and 1950s, respectively. USe of AFFF containing PFAS 
began in the 1960s; materials that came in contact with AFFF may have also 
been disposed of in the landfill. Some pesticides are known to contain PFAS  
(ITRC 2017)

PA/SI (NEESA, 1987)

3
Sludge Burial Area 
(Closed)

1986
Northwestern corner 
of NAF El Centro

Sewage sludge from sewage 
treatment plant

Yes
Soil and 
Groundwater

This site was an unlined excavation pit for burial of sewage sludge previously 
removed from the drying bed in the sewage treatment plant (NEESA, 1987). 
PFAS have been found in domestic sewage sludge.  Some PFAS are 
frequently found in wastewater treatment plant effluent because conventional 
treatment methods may not remove PFAS efficiently. Treatment plants that 
receive industrial wastewater are particularly affected (ITRC, 2017). 

PA/SI (NEESA, 1987)

4
4th Street Firefighting 
Training Area 
(Closed)

1963 to 1975
Western portion of 
NAF El Centro

AFFF Yes
Soil and 
Groundwater

This area was used for firefighting training every weekend for nine months  of 
the year during its operation, with documented use of AFFF. After training 
operations stopped in the area, it was used as a burn site for confiscated 
drugs and drug paraphernalia (NEESA  1987). 

PA/SI (NEESA, 1987)

5
Firefighting Training 
Area East of Hangar 3 
(Closed)

1958 to 1963
Central portion of 
NAF El Centro

AFFF Yes
Soil and 
Groundwater

This unlined circular area with an earthen berm was used every weekend 
(NEESA, 1987). Use of AFFF containing PFAS began in the 1960s (ITRC, 
2017).

PA/SI (NEESA, 1987)

6
Northwest Firefighting 
Training Area 
(Closed)

1946 to 1958
Northwestern corner 
of NAF El Centro

Arsenic, benzene, beryllium, 
TPH

No NA
The firefighting training area closed before use of AFFF containing PFAS, 
which began in the 1960s (NEESA, 1987; ITRC, 2017). No documentation 
was found that identified PFAS releases in this area. 

PA/SI (NEESA, 1987)

7 Abandoned Fuel Farm 1942 to 1958
Northwestern portion 
of NAF El Centro

Benzene, 1,2-DCA, VOCs, 
TPH-g

No NA

All USTs were decommissioned by 1958 (NEESA, 1987). Fire suppression 
systems that may have been present existed before the use of AFFF 
containing PFAS, which began in the 1960s (ITRC, 2017). No documentation 
was found that identified  PFAS releases in this area. 

PA/SI (NEESA, 1987)

8 Scrapyard (Closed) 1958 to 1982
Northwestern portion 
of NAF El Centro

Old refrigerators, water 
coolers, empty drums, tanks, 
paint cans, film and film 
containers, sand blast 
equipment, spent 
transformers, and other scrap 
metal.

No NA

This site was used by the DRMO for the storage of salvaged metals prior to 
resale. PFAS-containing materials could have been in the empty drums and 
tanks because of the years of operation, and residual material could have 
leaked (NEESA, 1987; ITRC, 2017). PFAS-containing coating aids are known 
to be used on films and papers for photography (Keml, 2004). No 
documentation was found that identified PFAS releases in this area. 

PA/SI (NEESA, 1987)

9
Transformer Storage 
Area (Closed)

1963 to 1983
Northwestern portion 
of NAF El Centro

Leaked transformer fluid No NA
Contamination was limited to the upper 1 foot of soil and was removed 
(MMEC Group, 2018)  Transformers are not typically associated with fluids 
known to contain PFAS (ITRC  2017).

Site Management Plan (MMEC 
Group, 2018)

10
Sewage Stabilization 
Ponds (Closed)

1940s to 1976
Northwestern corner 
of NAF El Centro

Sewage sludge Yes
Soil and 
Groundwater

Three unlined ponds served as the only sewage treatment for the installation 
during the years of active use. Domestic and industrial sewage flowed into the 
ponds. No records documenting sludge removal were identified. The ponds 
served as backup for when the sewage treatment plant went down (NEESA, 
1987). PFAS have been found in domestic sewage sludge. Some PFAS are 
frequently found in wastewater treatment plan effluent because conventional 
treatment methods do not efficiently remove PFAS. Treatment plants that 
receive industrial wastewater are particularly affected (ITRC, 2017). 

PA/SI (NEESA, 1987)
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11
Runway Burn Area 
(Closed)

1979 to 1980
Southeastern portion 
of NAF El Centro

TPH and metals Yes
Soil and 
Groundwater

This area was used for aircraft firefighting exercises during 1979 through 
1980. The remains of a crashed T-28 were periodically set ablaze with JP-5 
and then extinguished as a firefighting training exercise (NEESA, 1987). Use 
of firefighting foam containing PFAS began in the 1960s (ITRC, 2017).

PA/SI (NEESA, 1987)

12
Open Burn Pit 
(Closed)

1981 to 1986
Eastern portion of 
NAF El Centro

Confiscated drugs, drug 
paraphernalia, ceramic pipes, 
cardboard, tin-coated steel 
cans, mason jars, and wood

No NA

The burn pit was used to dispose of confiscated drugs, drug paraphernalia, 
ceramic pipes, cardboard, tin-coated steel cans, mason jars, and wood. The 
fires were allowed to burn themselves out (NEESA, 1987). Some cardboard 
and food containers have coatings that contain PFAS to repel grease and 
moisture, so there is some potential for the presence of PFAS (ITRC, 2017). 
No documentation was found that identified PFAS releases in this area. 

PA/SI (NEESA, 1987)

13
Old Incinerator 
(Closed)

1942 to 1953
Northern portion of 
NAF El Centro

No records of hazardous 
materials disposal at this site 
were identified.

No NA
The incinerator was used for burning paper only (NEESA, 1987).  There were 
no materials identified that were likely to contain PFAS (ITRC, 2017).

PA/SI (NEESA, 1987)

14
Fuel Farm Tank 
Rinsate Disposal Area 
(Closed)

1960 to 1985
Southeastern corner 
of NAF El Centro, 
includes RP 15

JP-4, JP-5, AVGAS (leaded), 
diesel fuel #2, and MOGAS

No NA
The site was used as a drainage area for fuel farm tank rinsate and sludge 
(NEESA, 1987). None of these fluids is known to contain PFAS (ITRC, 2017).

PA/SI (NEESA, 1987)

15
Fuel Farm Filter 
Cleaning Area 
(Closed)

1958 to 1981
Southeastern corner 
of NAF El Centro, 
includes RP 14

JP-4, JP-5, AVGAS (leaded), 
diesel fuel #2, and MOGAS

No NA

The site was used for fuel filter cleaning. During the filter cleaning process, 
spilled fuel would be collected into sumps that were allowed to drain into the 
ground (NEESA, 1987). None of these fluids is known to contain PFAS (ITRC, 
2017).

PA/SI (NEESA, 1987)

16
Potassium 
Ferricyanide Spill Area 
(Closed)

1981
Southern portion of 
NAF El Centro

Potassium ferricyanide No NA
An AST containing potassium ferricyanide bleach ruptured in 1981, releasing 
approximately 100 gallons (NEESA, 1987). Potassium ferricyanide bleach is 
used in color photo processing and does not contain PFAS (ITRC, 2017).

PA/SI (NEESA, 1987)

17
Firefighting Training 
Area (Closed)

1980 to Unknown
Western portion of 
NAF El Centro

AFFF Yes
Soil and 
Groundwater

Firefighting training occurred at least once per month with approximately 25 
gallons of AFFF used per training event (ERCE  1990).

RP Site 17 PA (ERCE, 1990)

18
Tiffany Road Debris 
Area

Mid-1940s to 
Mid-1970s

Northwestern corner 
of NAF El Centro

Acids, corrosives, batteries, 
waste oil, potassium-ferric 
cyanide, formaldehyde, 60-
mm film canisters, aircraft 
parts, gutted plane parts, 
beryllium brakes, parachutes, 
tires, wood, pallets, railroad 
ties, asbestos shingles and 
blankets, drums, various 
canisters, trash, 
miscellaneous scrap metal, 
and expended ammunition 
cartridges

Yes
Soil and 
Groundwater

The Tiffany Road Debris Area served as the primary waste disposal site until 
the Magazine Road Landfill was opened in 1965. After 1965, the site was 
used infrequently until it was abandoned in the mid-1970s. Materials at the site
were burned for compaction. A second area north of the burn site reportedly 
contains demolition debris (drywall, wood, and metal), landscape waste, and a 
small quantity of domestic waste, possibly from off-base sources. The clarifier 
that was used to treat the base sewage before the sewage treatment ponds 
were constructed is located on this site.  Reports indicate that the clarifier may 
have been compromised and cracked (General Dynamics, 2006). Non-stick 
coatings and stain/water-resistant products were introduced in commercial 
products in the 1940s and 1950s, respectively. Consumer goods treated with 
these coatings may have been disposed of in the landfill (ITRC, 2017). 

Preliminary Environmental 
Assessment (General 
Dynamics, 2006)

NA Fire Station Unknown to  Present
Buildings 137 and 
142

AFFF Yes
Soil and 
Groundwater

According to the 2014 Master Plan and interviews with Fire Chief Jose 
Oropeza, Building 137 (Hangar 1) current and historical uses included storage 
of firefighting vehicles.  Building 142 current and historical uses include 
providing sleeping quarters and offices for  firefighters. According to a group 
interview with members of the NAF El Centro Fire Department, there was 
historical AFFF storage and usage just north of Building 137.

Master Plan (NAF El Centro, 
2014); Personal Interview - Fire 
Chief Oropeza; Group 
Interview - NAF El Centro Fire 
Department Personnel

NA Fire Station Storage Unknown to  Present Building 426 AFFF Yes
Soil and 
Groundwater

According to the 2014 Master Plan and interviews with Chief Oropeza, 
Building 426 current and historical uses include storage of AFFF concentrate 
and surplus firefighting equipment. No records were identified that indicate that
leaks or spills of AFFF concentrate occurred. 

Master Plan (NAF El Centro, 
2014); Personal Interview - Fire 
Chief Oropeza

NA
Wastewater - Sewage 
Treatment

Unknown to  Present
Building 120

Industrial and domestic 
sewer discharge

Yes
Soil and 
Groundwater

Industrial and maintenance operations waste streams may make their way to 
the sanitary sewer system. According to interviews with Bill Kagele, Water 
Program Manager at NAF El Centro, the hangars have floor drains that 
connect to the sanitary sewer system. Mr. Kagele and Robert Fischer, 
Environmental Protection Specialist at NAF El Centro, also indicated that 
Hangar 3 had an accidental release of AFFF that reached a height of 8 feet. 
The foam was disposed of in the sewage treatment holding pond via the 
sanitary sewer system. Most wastewater pipes at the base are vitrified clay 
and when broken are replaced with PVC (NAF El Centro, 2014).   

Master Plan (NAF El Centro, 
2014); Personal Interviews - 
Bob Fischer and Bill Kagele
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NA
Wastewater - Lift 
Stations

Unknown to  Present
Buildings 122 and 
446

Industrial and domestic 
sewer discharge

Yes
Soil and 
Groundwater

Most wastewater pipes at the base are vitrified clay and when broken are 
replaced with PVC. Underground suction ductile iron pipes at lift stations have 
reportedly corroded. Industrial and maintenance operations waste streams 
may make their way to the sanitary sewer system  (NAF El Centro, 2014). 
According to interviews with Mr. Kagele, the hangars have floor drains that 
connect to the sanitary sewer system. Buildings 122 and 446 are near the Fire 
Station and Hangar 3. AFFF that entered the sanitary sewer system may have 
infiltrated the soil via leaking pipes

Master Plan (NAF El Centro, 
2014); Personal Interviews - 
Bob Fischer and Bill Kagele

NA
Wastewater - Force 
Main Pumps

Unknown to  Present
Buildings 459 and 
554

Industrial and domestic 
sewer discharge

No NA

Most wastewater pipes at the base are vitrified clay and when broken are 
replaced with PVC. Industrial and maintenance operations waste streams may 
make their way to the sanitary sewer system (NAF El Centro, 2014). 
According to interviews with Mr. Kagele, the hangars have floor drains that 
connect to the sanitary sewer system. No reports of leaking force main pumps 
were identified.

Master Plan (NAF El Centro, 
2014); Personal Interviews - 
Bob Fischer and Bill Kagele

NA Stormwater Unknown to  Present NA AFFF Yes
Soil and 
Groundwater

Surface water drainage in the vicinity of the base is controlled by the Rice and 
Elder Canals. The canals receive water from storm drainage channels, 
irrigation runoff, and shallow aquifers (NEESA, 1987). The canals drain into 
the New River, which ultimately drains into the Salton Sea. There are unlined 
drainage ditches  throughout the base and a natural wash in the northwestern 
corner. Runoff that contained AFFF or fire-resistant hydraulic fluid would end 
up in the base stormwater drainage system (NEESA, 1987). There may have 
been a subsurface stormwater drainage system on the airfield, but the pipes 
have reportedly degraded to the point of collapse and no longer function (NAF 
El Centro, 2014).  According to a group interview with members of the NAF El 
Centro Fire Department, a release of AFFF occurred because of a stuck valve 
on one of the fire trucks at Hangar 6; the spilled fluid drained to a nearby 
stormwater drainage ditch.

PA/SI (NEESA, 1987); Master 
Plan (NAF El Centro, 2014); 
Group Interview - NAF El 
Centro Fire Department 
Personnel

NA
Potable Water 
Treatment

Unknown to  Present

Buildings:
334, 365 - Reservoirs
343 through 347, 352, 
353 - Sediment 
Basins
350, 351 - Treatment 
Plant

Raw water No NA

Potable water for NAF El Centro starts as raw water from the Elder Canal, 
which originates upgradient of the base. All potable water for the installation 
goes through the water treatment facility (NAF El Centro, 2014). The Elder 
Canal flows toward the New River near the northwestern portion of the base. 
(NEESA, 1987). It is unknown whether there are PFAS sources upgradient 
from the base. No documentation was found that identified PFAS releases in 
this area. 

PA/SI (NEESA, 1987); Master 
Plan (NAF El Centro, 2014);

NA Old Hangars Unknown to  Present

Buildings:
137 (Hangar 1), 
524 (Hangar 6), 
502 (Hangar 7), 
503 (Hangar 8), 
505 (Hangar 9)

Hydraulic fluid No NA

The older hangars (1, 6, 7, 8, and 9) have water suppression systems. Hangar 
1 is the current vehicle storage for the Fire Department. See Fire Station for 
additional information on Hangar 1. Maintenance of aircraft would occur in 
hangars and some hydraulic fluids/lubrication fluids may contain PFAS; 
however, based on documentation available, it is unclear if the hydraulic 
fluids/lubrication fluids that were present at this site contain PFAS, and no 
known release of products containing PFAS has been documented. 

Personal Interviews - Bob 
Fischer and Bill Kagele; Group 
Interview - NAF El Centro Fire 
Department Personnel

NA New Hangars Unknown to  Present

Buildings:
820 (Hangar 2), 830 
(Hangar 3), 
840 (Hangar 4), 
850 (Hangar 5)

AFFF, hydraulic fluid Yes
Soil and 
Groundwater

According to interviews with Mr. Fischer, the newer hangars (Hangars 2, 3, 4, 
and 5) have AFFF flood systems for fire suppression. According to Mr. 
Fischer, the AFFF flood systems have never been tested. Hangars with AFFF 
fire suppression systems have at least two approximately 900-gallon ASTs for 
premixed AFFF. Maintenance of aircraft would occur in hangars, and aviation 
fire-resistant hydraulic fluid is known to contain PFAS (ITRC, 2017; Keml, 
2004). However, no spills or releases of aviation hydraulic fluids have been 
reported. According to interviews with Mr. Kagele, the hangars have floor 
drains that connect to the sanitary sewer system, which reportedly has a 
history of breaks and repairs

Personal Interviews - Bob 
Fischer and Bill Kagele; Group 
Interview - NAF El Centro Fire 
Department Personnel
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NA
AFFF Release in 
Hangar 3

Unknown to  Present
Building 830 (Hangar 
3)

AFFF, hydraulic fluid Yes
Soil and 
Groundwater

According to interviews with Mr. Fischer, the newer hangars (Hangars 2, 3, 4, 
and 5) have AFFF flood systems for fire suppression systems. According to 
Mr. Fischer, the AFFF flood systems have never been tested. Mr. Fischer also 
indicated that there was an accidental release of one of the flood systems 
where the AFFF reached 8 feet high in Hangar 3. The foam from the release 
was disposed of in the sewage treatment holding pond via the sanitary sewer 
system, which reportedly has a history of breaks and repairs.  Hangars with 
AFFF fire suppression systems have at least two approximately 900-gallon 
ASTs for premixed AFFF. Maintenance of aircraft would occur in hangars, and 
aviation fire-resistant hydraulic fluid is known to contain PFAS (ITRC, 2017; 
Keml, 2004). However, no spills or releases of aviation hydraulic fluids have 
been reported. Because of the age of Hangar 3 (built in the 2000s), the 
integrity of the floor is most likely in good condition. It is unlikely that the foam 
from the release saturated the soil surrounding the hangar.

Personal Interviews - Bob 
Fischer and Bill Kagele

NA
Accidental AFFF 
Release Area (near 
Hangar 6)

2006 or 2008
East of  Hangar 6, 
storm drain

AFFF Yes
Soil and 
Groundwater

According to a group interview with members of the NAF El Centro Fire 
Department, a release of AFFF occurred because of a stuck valve on one of 
the fire trucks in 2006 or 2008. The fluid drained to a nearby stormwater 
drainage ditch and the surrounding soil at Hangar 6

Group Interview - NAF El 
Centro Fire Department 
Personnel

NA
Former Firefighting 
Training Area

2004 or 2006

East of Hangar 9, 
south of the runway, 
north of IRP Sites 14 
and 15

AFFF Yes
Soil and 
Groundwater

According to a group interview with members of the NAF El Centro Fire 
Department, this area was a former firefighting training area where AFFF was 
used in 2004 or 2006.

Group Interview - NAF El 
Centro Fire Department 
Personnel

NA
Wash Rack and 
Oil/Water Separator 
near Hangar 1

Unknown to  Present
Wash rack near 
Hangar 1

AFFF, hydraulic fluid Yes
Soil and 
Groundwater

According to interviews with Mr. Fischer, this is one of two wash racks with oil-
water separators near the runway and apron. This wash rack is south of 
Hangar 1 (Building 137, part of the fire station). AFFF was reportedly stored 
near the hangar, and may have entered the oil-water separator and 
accumulated in the sludge. Aviation fire-resistant hydraulic fluids, which have 
been known to contain PFAS, may have been in the wastewater and entered 
the oil-water separator (ITRC, 2017; Keml, 2004). It is unknown where sludge 
from the oil/water separator was disposed of prior to 1993. Since 1993, sludge 
from oil-water separators at the base has been disposed of offsite (DTSC, 
2018)

Group Interview - NAF El 
Centro Fire Department 
Personnel; Personal Interviews 
- Bob Fischer and Bill Kagele;
Hazardous Waste Tracking 
System (DTSC, 2018)

NA
Wash Rack and 
Oil/Water Separator 
Near Hangar 6

Unknown to  Present
Wash rack near 
Hangar 6

AFFF, hydraulic fluid Yes
Soil and 
Groundwater

According to interviews with Mr. Fischer, this is one of two wash racks with oil-
water separators near the runway and apron. This wash rack is west of 
Hangar 6 (Building 524) and is listed as Building 541, Aircraft Wash Rack. 
AFFF was reportedly used near the hangar, and may have entered the oil-
water separator and accumulated in the sludge. Aviation fire-resistant 
hydraulic fluids, which have been known to contain PFAS, may have been in 
the wastewater and entered the oil-water separator (ITRC, 2017; Keml, 2004). 
It is unknown where sludge from the oil-water separator was disposed of prior 
to 1993. Since 1993, sludge from oil-water separators at the base has been 
has been disposed of offsite (DTSC, 2018).  

Personal Interviews - Bob 
Fischer and Bill Kagele. 
Hazardous Waste Tracking 
System (DTSC, 2018)

NA
A-3D Skywarrior 
Crash

October 27, 1964

Administration - 
Building 214
Chapel - Building 359
Exchange/Theater - 
Formerly located at 
Building 364
Commissary - 
Formerly located at 
Buildings 335-339
Pool - Building 374

NA No NA

The wing of the crashed aircraft damaged the administration building, and an 
engine created a hole in the chapel. The aircraft crashed into the exchange, 
theater, and commissary, which were in the location of current Building 364 
and Buildings 335-339, and started a fire.The exchange, theater, and 
commissary were destroyed and were rebuilt in different locations (currently 
Building 201, Building 203, and Building 210, respectively). The fire spread 
west to the pool (Building 374). The administration building, chapel, and pool 
were repaired and are in the same locations they were in prior to the crash. 
According to an interview with Kris Haugh, NAF El Centro Public Affairs 
Office, eyewitness accounts and video indicate only water being used for fire 
suppression

Personal Interviews - Bob 
Fischer, Bill Kagele, and Kris 
Haugh

NA A-7 Crash 1980s Unknown AFFF No NA

AFFF usage is unknown, but use of AFFF containing PFAS began in the 
1960s (ITRC, 2017). According to information provided by Chief Oropeza, 
AFFF may have been used at the scene of this crash. Cheif Oropeza was 
unable to identify the location of the  A-7 crash. According to an interview with 
Mr. Haugh, AFFF has not been used on any aircraft or structure fire on the 
base  but he had no other details on this particular crash.

Personal Interviews - Fire Chief 
Oropeza and Kris Haugh

NA T-34 Crash 1995 Near Runway 12 Left AFFF Yes
Soil and 
Groundwater

AFFF usage is unknown, but use of AFFF containing PFAS began in the 
1960s (ITRC, 2017). According to information provided by Chief Oropeza, 
AFFF was likely used at the scene of this crash. According to an interview 
with Mr. Haugh, AFFF has not been used on any aircraft or structure fire on 
the base, but he had no other details on this particular crash.

Personal Interviews - Fire Chief 
Oropeza and Kris Haugh
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NA F/A-18 Crash 2011 Unknown AFFF No NA

According to information provided by Chief Oropeza, AFFF was not used at 
the scene of this crash. According to an interview with Mr. Haugh, AFFF has 
not been used on any aircraft or structure fire on the base, but he had no 
other details on this particular crash.

Personal Interviews - Fire Chief 
Oropeza and Kris Haugh

NA S-3 Crash 1978 Near Taxiway G NA
No

NA
According to Mr. Haugh, this crash did not result in a fire. He mentioned that 
photos had been taken of the crash and no fire was visible.

Personal Interview - Kris 
Haugh

NA F-4 Crash 1972
Just south of IRP Site 
8

AFFF Yes
Soil and 
Groundwater

AFFF usage is unknown, but use of AFFF containing PFAS began in the 
1960s (ITRC, 2017). According to information provided by Chief Oropeza, 
AFFF was likely used at the scene of this crash. According to an interview 
with Mr. Haugh, AFFF has not been used on any aircraft or structure fire on 
the base, but he had no other details on this particular crash.

Personal Interviews - Fire Chief 
Oropeza and Kris Haugh

NA Hot Pit Unknown to  Present
East of Hangar 1 on 
the parking apron

None No NA
Hot pits are used for refueling of aircraft while the engines are still running.  No
reports of aircraft or fuel fires requiring fire suppression at the hot pit were 
identified.

NAF El Centro Development 
Map provided by Bob Fischer

NA Plating Shop Unknown Unknown Plating operation materials No NA

Plating wastes are reportedly present in the landfills and in the industrial waste 
streams (NEESA, 1987). However, research and interviews were unable to 
identify the location of a former plating shop.  No records were found of spills 
or releases related to the plating shop.  

PA/SI (NEESA, 1987)

NA Photography Shop Unknown Building 565
Photography film and 
chemicals

No NA

There is mention of photography shop waste in the industrial waste streams 
as well as the release of potassium ferricyanide (IRP 16), which does not 
contain PFAS (NEESA, 1987). Building 565 is currently the security building. 
Some photography agents are known to contain PFAS, but there have been 
no releases of products known to contain PFAS documented, other than at 
IRP 16.

PA/SI (NEESA, 1987)

NA Hazardous Waste Unknown to  Present

Buildings:
530 - Hazardous 
Waste Facility
539 - Hazmat Storage

Various wastes No NA
No reports of spills or releases related to the hazardous waste operations 
were identified.

NA 

Sources:
California Environmental Protection Agency Department of Toxic Substances Control (DTSC). 2018. Hazardous Waste Tracking System. June
ERC Environmental and Energy Services Co. (ERCE). 1990. Final Preliminary Assessment, Site 17 Fire Fighting Training Area. February
General Dynamics. 2006. Preliminary Environmental Assessment, Tiffany Road Debris Area. June 13
Interstate Technology Regulatory Council (ITRC). 2017. History and Use of Per- and Polyfluoroalkyl Substances (PFAS). November.
Naval Air Facility El Centro (NAF El Centro). 2014. NAF El Centro Master Plan Final Submittal. April
Naval Energy and Environmental Support Activity (NEESA). 1987. Draft Preliminary Assessment/Site Inspection of Naval Air Facility El Centro, El Centro, California. June
Swedish Chemicals Inspectorate (KemI) and the Swedish EPA, Sweden. 2004. Perfluorooctane Sulfonate (PFOS). August.

Acronyms/Abbreviations:
ACM = asbestos-containing material; AFFF = aqueous film-forming foam; AST = aboveground storage tank; AVGAS = aviation gasoline; DCA = dichloroethane; DRMO = Defense Reutilization and Marketing Office;
DTSC = California Environmental Protection Agency Department of Toxic Substance Control; ERCE = ERC Environmental and Energy Services Co. hazmat = hazardous materials; IRP = Installation Restoration Program;
ITRC = Interstate Technology Regulatory Council;  JP = jet propellant; mm = millimeter(s); MMEC Group = Multi-Media Environmental Compliance Group; MOGAS = motor gas; NA = not applicable;
 NAF = Naval Air Facility; NEESA = Naval Energy and Environmental Support Activity; PA/SI = Preliminary Assessment/Site Inspection; PFAS = per- and polyfluoroalkyl substance(s); PFOS = perfluorooctane sulfonate; 
PVC = polyvinyl chloride; TPH = total petroleum hydrocarbons; TPH-g = total petroleum hydrocarbons as gasoline; UST = underground storage tank; VOC = volatile organic compound
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 Interview Log   
 Preliminary Assessment Report for Base-wide Investigation 
 of Per- and Polyfluoroalkyl Substances 
 Contract No. N62473-16-D-2405, TO N6247318F4445 
 Naval Air Station El Centro, California 
 
 

Name: Bob Fischer and Bill Kagele Position/Rank: Environmental Protection Specialist and                      
Water Program Manager 

 

Contact Information (phone, e-mail): (760) 339-2284 and (760) 339-2532 

 

Interviewer: Gabriela Staehle Date: May, 30, 2018 

This Interview Form summarizes an in-person interview conducted with Bob Fischer and Bill Kagele on 
May 30, 2018. Additional email correspondence was conducted on June 15, June 18, June 20, and July 
13, 2018 and the information provided therein is included in this Interview Form. Significant email 
correspondence will be included in Appendix D - Relevant Documents.  

Years at or familiar with Installation:  

Mr. Fischer and Mr. Kagele have worked on base for more than 15 years.  

Was Aqueous Film Forming Foam (AFFF) used/stored on-base outside of Fire Training Areas 
(FTAs)?  If so, where?  
The buildings between Hangars 2, 3, 4, and 5 store AFFF in approximately 3,000 gallon containers. 

No hangars stored AFFF between 1960 and 2000. Water suppression system were used in place of 
AFFF.  

 

Were there hangars or buildings on-base with fire suppression systems?  If yes, was AFFF used 
in these systems? 
The New Hangars (2 through 5) contain AFFF fire-suppression systems. When asked in an email (July 
13, 2018) if the AFFF fire-suppression systems inside Hangars 2 through 5 were tested (i.e. flooding), Mr. 
Fischer responded that to his knowledge, the AFFF systems had never been tested in this manner.  

No hangars stored AFFF between 1960 and 2000. Water suppression system were used in place of 
AFFF.  

 

Was there a fire station on-base?  If yes, where was it located? 
Yes. Hangar 1. 

 

If no, what local fire station was on call for emergencies? 
NA 

 

Were there any planes crashes or fires on base?  If so, was AFFF used to put out the fire and 
where were they located? Are there records available that we can have? 
Yes, an A-3 aircraft crashed occurred in 1963.  Instructed to ask the Fire Department. In an email dated 
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6/20/2018, Mr. Fischer provided a video of the 1963 crash. He noted that no visual evidence of AFFF 
usage in the stills and film clips. 

Was there a truck washing area for fire trucks or emergency vehicles on-base?  If yes, where was 
it located? 
There is a wash rack between Hangar 1 and 2, west of Hangar 6, and adjacent to Building 157.  

 

Was there an area used for annual calibration and testing of firefighting equipment that may have 
contained AFFF?  If yes, where was it located? 

NA 

Is there an additional contact that could provide information of AFFF (name and contact info)? 
Contact information was provided for Fire Chief Jose Oropeza 

Mr. Fischer and Mr. Kagele introduced the MMEC Group personnel to Isabel Avila, QC/Work Control 
Manager. Isabel Avila later provided specifications on AFFF purchased by the facility. 

Mr. Fischer and Mr. Kagele introduced the MMEC Group personnel to Dante Dinelli (Real Property 
Accountability Officer) and Rand Center (Community Planner). 

Additional Comments:  

An accidental release of AFFF occurred when the New Hangars were being built (approximately 2009). 
The release occurred inside Hangar 3 and AFFF rose to 8 feet inside the Hangar. The AFFF was routed 
to the Wastewater Treatment Plant holding pond (Emergency Storage Basin).  

According to a phone call with Mr. Kagele on June 18, the hangars are equipped with drains 
that are routed to the WWTP. 

No irrigation wells are located near the facility that are used for drinking water. Drinking water comes from 
the Colorado River.  

No electroplating or manufacturing has occurred at the facility.  
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Name: Jose Oropeza  Position/Rank: Installation Fire Chief  

 

Contact Information (phone, e-mail): 760-339-2251, 760-693-9992, jose.oropeza@navy.mil  

 

Interviewer: Gabriela Staehle Date: May 14, 2018 

Fire Chief Oropeza provided this Interview Log on May, 2018. A follow-up phone call was conducted on 
June 14, 2018, and the information provided therein is also included in this Interview Form. 

Years at or familiar with Installation (# and dates): 28yrs. 1990-present 

 

Was Aqueous Film Forming Foam (AFFF) used/stored on-base outside of Fire Training Areas 
(FTAs)?  If so, where? no 
 

Were there hangars on-base with fire suppression systems?  If yes, was AFFF used in these 
systems? 
AFFF is currently used in hangar 2-5 

 

Was there a fire station on-base?  If yes, where was it located? 
Yes currently located on Hangar 1 1987-present, previous site was hangar 3 (1970s – 1987) Building 137 
is fire station.  

 Current 426 storage “green AFFF” Ty class D foam 3%, Ansulite AFC 3A, 550 gallon, 
Concentrate added to trucks 

 Don’t remember ever mixing solution. (5 gallon bucket concentrate).  

 

Were there any planes crashes or fires on base?  If so, was AFFF used to put out the fire and 
where were they located? Are there records available that we can have? 
There have been several aircraft mishaps on base, as I recall foam has been used very limited on the 
incidents I can recall 

 Not sure if AFFF was deployed, but possibly. 
 Mid 90s – incident taxiway bravo insects 12 and 30 likely AFFF used. 
 1977s – F-3 Crash 
 1972 – F-4, likely AFFFF used 
 2011-  F-18 crash did not use foam.  
 1980- A-7 may have been foam 
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Was there a truck washing area for fire trucks or emergency vehicles on-base?  If yes, where was 
it located? 
Bldg 352 car wash, ramp area 

 

Was there an area used for annual calibration and testing of firefighting equipment that may have 
contained AFFF?  If yes, where was it located?  

Unknown 

No foam testing was conducted in the 90’s 

 

Is there an additional contact that could provide information of AFFF (name and contact info)? 
 

 

Additional Comments:  
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Name: Group Interview  Position/Rank: Fire Department 

 

Contact Information (phone, e-mail): NA  

 

Interviewer: Gabriela Staehle Date: May 30, 2018 

During a site visit to NAF El Centro on May 30, 2018, a Group Interview was conducted with personnel 
from the Fire Department.  

Years at or familiar with Installation (# and dates):  

NA 

Was Aqueous Film Forming Foam (AFFF) used/stored on-base outside of Fire Training Areas 
(FTAs)?  If so, where?  

AFFF was stored in the dirt area just north of the Fire Department (Hangar 1).  
 

Were there hangars on-base with fire suppression systems?  If yes, was AFFF used in these 
systems? 
NA 

 

Was there a fire station on-base?  If yes, where was it located? 
Yes, Hangar 1 

 

Were there any planes crashes or fires on base?  If so, was AFFF used to put out the fire and 
where were they located? Are there records available that we can have? 
Instructed to interview Chief Jose Oropeza. 

 

Was there a truck washing area for fire trucks or emergency vehicles on-base?  If yes, where was 
it located? 
Yes, west of Hangar 6. In either 2006 or 2008, a valve on a truck was stuck open at this wash rack. AFFF 
poured from the truck and drained to the stormdrain and soil west of the wash rack.  

 

Was there an area used for annual calibration and testing of firefighting equipment that may have 
contained AFFF?  If yes, where was it located?  

No 

Is there an additional contact that could provide information of AFFF (name and contact info)? 
Fire Chief Oropeza 
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Additional Comments:  

The fire pit located west of the Fire Station (IRP Site 14) was used starting in the 1980s. The fire training 
area was used every Sunday until the late 1990s. Different types of AFFF were used at this fire training 
area: Haylon More, Protein Foam, and AFFF.  Now, a dry chemical is used for fire suppression.  

 

An addition fire training location was identified north of the fuel farm.  
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Name: Kristopher Haugh Position/Rank: Public Affairs Officer 

 

Contact Information (phone, e-mail): (760) 339-2673, kristopher.haugh@navy.mil 

 

Interviewer: Gabriela Staehle Date: 7/5/18 

Kristopher Haugh is a specialist on the 1964 A-3D Skywarrior crash, and was only asked about aircraft 
crashes at NAS El Centro. 

Years at or familiar with Installation (# and dates):  

NA 

Was Aqueous Film Forming Foam (AFFF) used/stored on-base outside of Fire Training Areas 
(FTAs)?  If so, where?  
 

NA 

 

Were there hangars on-base with fire suppression systems?  If yes, was AFFF used in these 
systems? 
 

NA 

 

Was there a fire station on-base?  If yes, where was it located? 

NA 

Were there any planes crashes or fires on base?  If so, was AFFF used to put out the fire and 
where were they located? Are there records available that we can have? 
 
Regarding the 1964 A-3D Sky Warrior crash: 
The flight path was east to west. The plane hit a power line pole on the western side of the 
runway, the wing of the aircraft punched a hole in the Administration Building (Building 214), the 
engine came off of the aircraft and punched a hole into the Chapel (Building 359), and the rest 
of the debris landed near current Buildings 335, 337, and 339, where the old Commissary was. 
Fire spread from the initial location of impact (the power line) west to the swimming pool 
(Building 374). 
 

A S-3 aircraft crashed just north of Taxiway G, but no fire resulted and no foam was used. I am 
unaware of the use of AFFF on any aircraft or structure fire.  
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Name: Rand Center Position/Rank: Planner  

 

Contact Information (phone, e-mail): 760-339-2216 

 

Interviewer: Charles Hackel Date: June 11, 2018 

*Originally called for Dante Dinelli, Real Property Accountability Officer, at 760-339-2216 and was told 
Rand Center would be better to answer all questions. 

Years at or familiar with Installation (# and dates):  

 

Was Aqueous Film Forming Foam (AFFF) used/stored on-base outside of Fire Training Areas 
(FTAs)?  If so, where?  
Based on the 2014 Master Plan, storage of AFFF concentrate was located in Building 426.  There was 
mention of future plans to consolidate most Hazardous Material Storage.  When questioned about the 
current used of Building 426, Mr. Center indicated the building is currently vacant and is scheduled to be 
demolished.  He was unsure of the current storage of AFFF concentrate. 

 

 

Were there hangars or buildings on-base with fire suppression systems?  If yes, was AFFF used 
in these systems? 
N/A 

 

Was there a fire station on-base?  If yes, where was it located? 
Still Buildings 137 and 142.  There have been plans to build a new fire station but the funding has never 
been approved.  Currently there is a campaign to get funding to update the current facilities instead of a 
new building. 

 

If no, what local fire station was on call for emergencies? 
N/A 

 

Were there any planes crashes or fires on base?  If so, was AFFF used to put out the fire and 
where were they located? Are there records available that we can have? 
N/A 
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Was there a truck washing area for fire trucks or emergency vehicles on-base?  If yes, where was 
it located? 
Unsure, would have to talk to the fire station. 

 

Was there an area used for annual calibration and testing of firefighting equipment that may have 
contained AFFF?  If yes, where was it located? 

Unsure of fire station practices. 

 

Is there an additional contact that could provide information of AFFF (name and contact info)? 
 

Contact the base fire station for all questions related to AFFF storage. 

Contact base Environmental for questions related to Hazardous Material Storage. 

 

Additional Comments:  

In the 2014 Master Plan, the stormwater on base is described as flowing to low-lying areas.  When asked 
about where the low-lying areas are, Mr. Center indicated that there is a stormwater drainage system on 
base.  He said that there are concrete lined channels that flow to the New River, which eventually flow to 
the Sultan Sea.  He also indicated that there is a stormwater drainage system on the airfield, but it is 
totally ineffective due to collapsed pipes and disrepair. 

When asked about a potential building list to aid the investigation, Mr. Center indicated that the list that is 
available would be of no use due to how generic the building name is listed.  He gave an example for 
building 426, which is listed as a warehouse.  Mr. Center indicated that many of the support building on 
the building list were listed as either a warehouse or storage.       
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Was there a truck washing area for fire trucks or emergency vehicles on-base?  If yes, where was 
it located? 
NA 

 

 

Was there an area used for annual calibration and testing of firefighting equipment that may have 
contained AFFF?  If yes, where was it located?  

NA 

Is there an additional contact that could provide information of AFFF (name and contact info)? 
NA 

 

Additional Comments:  

According to reviewed video and eyewitness accounts, only water was used to put out the 
resulting fires from the 1964 crash. 
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Date:  5/11/2018   Researcher:  Gabriela Staehle   
 
Type of Research: 
 

X Administrative Record/NIRIS 

 Online Research 

 Miscellaneous Document Review 

Document Name: Final Preliminary Assessment (PA) Site 17 Fire Fighting Training Area    

Document Author: ERC Environmental and Energy Services Co.       

Document Date: 2/23/1990           

File Name: 1990 Final PA Site 17 ERCE        
   

Was a copy of the report obtained? 

x Yes 

 No (provide reason) 

Notes:  Site 17 was a Fire Fighting Training Area        

 “Site 17, the fire fighting pit, is rectangular in shape and measures 57 by 112 feet. The 

sides of the pit are created by earthen berms roughly I-foot tall. In addition, similar berms 

form a walkway to the center of the pit where lies a horizontal tank in simulation of an  

aircraft.”             

 “the soils within the pit were darkly stained with what appeared to be petroleum hydrocarbons. 

A noticable odor of fuel hydrocarbons was also detected in the pit area. Cartridges from 

the facility's fuel farm were observed scattered randomly within the pit.”     
        

 “Site 17, the fire fighting area, is first evident on a 1980 aerial photograph. The fire fighting pit was 
built in 1980 and has been used for training sessions approximately once every month since inception.” 
          

 “Approximately 25 gallons of Aqueous Film Forming Foam (AFFF) is used per session to 
extinguish the fires.” Hydraulic fliud and etc. burned in pit.      
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Date:  5/9/2018    Researcher:  Gabriela Staehle   
 
Type of Research: 
 

X Administrative Record/NIRIS 

 Online Research 

 Miscellaneous Document Review 

Document Name: Installation Restoration Program Naval Air Facility, El Centro, California    

Document Author: Naval Air Facility         

Document Date: 7/1990            

File Name: 1990 History on the Installation Restoration Program  

Was a copy of the report obtained? 

x Yes 

 No (provide reason) 

Notes:   1990 summaries for IRP Sites 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 14, 15, 16, 17. All are of 
concern, except IRP Sites 7, 9, 14, 15, and 16.   
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Date:  5/8/2018    Researcher:  Gabbi Staehle     
 
Type of Research: 
 

X Administrative Record/NIRIS 

 Online Research 

 Miscellaneous Document Review 

Document Name:  Naval Air Facility, El Cento, Imperial County, California, Site Assessment Report  

Document Author:  Jacob’s Engineering Group        

Document Date:  7/26/1991          

File Name:  1991 Site Assessment Study Jacob        

Was a copy of the report obtained? 

X Yes 

 No (provide reason) 

Notes:   Fuel Farm (includes IRP Sites 14 and 15)      
      

  

“Between the years 1960 to 1985, the southwestern portion of the fuel farm was used as a runoff area for 
rinse water associated with cleaning the eight fuel farm storage tanks. The tanks were reportedly cleaned 
by filling the tanks with water and subsequently draining the tank dnseates onto the surface soils of the 
tank farm. The rinsate was then allowed to evaporate. Potential contaminants in this area are reported to 
include JP-4, JP-5, leaded AVGAS, Diesel Fuel #2 (DF-2) and MOGAS (leaded and unleaded).”  
           

              

Potential AOC: Was there a fire suppression system? Water? AFFF? Flooding?      
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Date:  5/8/2018    Researcher:  Gabriela Staehle    
 
Type of Research: 
 

x Administrative Record/NIRIS 

 Online Research 

 Miscellaneous Document Review 

Document Name: Federal Facility SI Review         

Document Author: URS Consultants, Inc.         

Document Date: 2/18/1993           

File Name: 1991 Federal Facility Site Investigation URS       

Was a copy of the report obtained? 

x Yes 

 No (provide reason) 

Notes:  “Organochlorine pesticides and PCBs, organophosphorous pesticides, EDB, total phenols, 
cyanide, formaldehyde, and organic lead were not detected above the method detection limits in any of 
the soil samples taken at the Magazine Road Landfill” Rule out pesticides as a potential source of PFAS 
contamination. 1965-1983 –“During this time period, the burning of wastes (including hazardous wastes) 
was conducted approximately once a month. “ Had fire suppression system?    
       

  “Soil samples were also analyzed for VOCs, PCBs and organochlorine pesticides, total 
cyanide, total phenols, EbB, and organic lead. None of these compounds were detected at or above the 
method detection limits” IRP Site 4         
   

  Some pesticides detected at IRP Site 8, Scrapyard. Also at IRP Site 8: “Old refrigerators, 
water coolers, empty drums, tanks, paint cans, film and film canisters, sandblasting equipment, spent 
electrical transformers, and other metallic materials. In 1983, five empty transformers were removed from 
the site. According to NEESA, fluid from these transformers probably leaked onto the ground within the 
site. This fluid may have contained PCBs. NEESA also reported that scrapyard workers observed stained 
soil on several occasions”           

  IRP Site 16 – no pesticides or other potential PFAS sources     

  IRP Site 10 – “These sources included the photographic shop, aircraft hangers and 
aprons, and the plating shop. Potential contaminants from these sources include JP-4 and JP-5 jet fuels, 
leaded and unleaded gasoline, hydraulic fluid, motor oil, ethylene glycol, trichloroethene (TCE), PCE, 
1,1,2-trichloro-l,2,2-trifluorethane (Freon 113), plating wastes, and photographic solutions.”   
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Date:  5/14/18    Researcher:  Matthew Kiehler      
 
Type of Research: 
 

x Administrative Record/NIRIS 

 Online Research 

 Miscellaneous Document Review 

Document Name: Naval Air Facility, El Centro Installation Restoration Program     

Document Author: Naval Air Facility          

Document Date: 1995            

File Name: 1995 Brocure on the Installation Restoration Program      

Was a copy of the report obtained? 

x Yes 

 No (provide reason) 

Notes:  Identifies Installation Restoration Sites and Potential Contaminants:     

(1) Magazine Road Landfill – Asbestos, fuel, paint, solvents, photochemicals, acid 

(2) Patrol Road Landfill – Asbestos, fuel, paint, solvents, photochemicals, acid 

(3) Sludge Burial Area – Silver, cyanide 

(4) 4th Street Fire Fighting Training Area – Burned leaded fuel, hydraulic fluid, confiscated drugs 

(5) Fire Fighting Training Area Hangar #3 – Burned leaded fuel 

(6) Northwest Fire Fighting Training Area – Burned leaded fuel 

(7) Abandoned Fuel Farm – Leaded and diesel fuel 

(8) Scrapyard – Empty drums, tanks, paint cans, transformers w/ PCB 

(9) Transformer Storage Area – Transformers containing PCB 

(10) Sewage Stabilization Ponds – Sewage, leaded fuel, motor fluids, photo solutions 

(11) Runway Burn Area – Burned paper 

(12) Open Burn Area – Burned confiscated drugs, ceramic, tin cans, wood 
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(13) Old Incinerator – Burned paper 

(14) Fuel Farm Tank Rinseate Disposal – Leaded and diesel fuel 

(15) Fuel Farm Filter Cleaning Area – Leaded and diesel fuel 

(16) Potassium Ferricyanide Spill Area – Potassium ferricyanide 

(17) Fire Fighting Training Area – Burned leaded and diesel fuel  
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Date:  5/14/18    Researcher:  Matthew Kiehler      
 
Type of Research: 
 

x Administrative Record/NIRIS 

 Online Research 

 Miscellaneous Document Review 

Document Name: Naval Air Facility El Centro, El Centro, California      

Document Author: NAF El Centro          

Document Date: 1998            

File Name: 1998 Facility and site descriptions with maps        

Was a copy of the report obtained? 

x Yes 

 No (provide reason) 

Notes:  Provides overview of IRP Sites at NAF El Centro including Map, Site Description, and Relative 
Risk.              

Information incorporated in Table 1.         
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Date:  5/8/18    Researcher:  Matthew Kiehler      
 
Type of Research: 
 

x Administrative Record/NIRIS 

 Online Research 

 Miscellaneous Document Review 

Document Name: CERT Report of Completion         

Document Author:         

Document Date: 12/18/01           

File Name: 2001 12 18 CERT Report of Completion        

Was a copy of the report obtained? 

x Yes 

 No (provide reason) 

Notes:  “SITE 17 is a fire-fighting training area and measures approximately 57 by 112 feet and 
approximately 5 feet deep. Contamination at the site is the result of burning fuel/water mixtures during 
fire-fighting training activities. Dioxins, furans, Arocolor 1260 and phenanthrene were reported at 
concentrations above residential preliminary remediation goals (PRGs).”     

“During the RA at Site 17, approximately 3,000 yd³ (2042 yd³ of dioxin-impacted soil and 935 yd³ of TPH-
impacted soil) were excavated and disposed off-site. Of the 22 confirmation samples collected at Site 17, 
none showed chemical concentrations exceeding the residential PRGs. A groundwater (GW) 
investigation was conducted to assess whether contaminates in soil had migrated to GW. The GW 
sampling results were below the maximum contaminant levels and GW has not been adversely impacted 
by the RA activities. Site 17 was backfilled with clean imported soil.”     
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Date:   5/16/2018   Researcher:  Gabriela Staehle    
 
Type of Research:  
 

X Administrative Record/NIRIS 

 Online Research 

 Miscellaneous Document Review 

Document Name: Final Tech Memorandum Extended Site Investigation IR Site 10, Ponds NOS. 2 and 3  

Document Author: BECHTEL Environmental, Inc.        

Document Date: 3/31/2004           

File Name: 2004 Final TM for EST at Ponds 2 and 3 Site 10       

Was a copy of the report obtained? 

x Yes 

 No (provide reason) 

Notes:  Includes IRP Site 10          
   

  “The Navy has indicated that future land use of Site 10 will probably remain industrial and 
is considering using Pond Nos. 2 and 3 for temporary wastewater storage or sludge drying.”  
          

  “Site 10 consists of three unlined ponds with bermed sides (Figure 2-1). The total area of 
Site 10 is approximately 6 acres. The largest pond (No.1) is about 550 by 250 feet at the pond bottom 
and about 10 feet deep. The two smaller ponds (Nos. 2 and 3) are about 250 by 125 feet at the pond 
bottoms and about 10 feet deep. The pond floors are approximately 2 feet below the adjacent grade, and 
the berms surrounding the ponds are approximately 6 to 8 feet above the adjacent grade. 

The stabilization ponds functioned as the only sewage treatment for the base from the 1940s until 1976. 
Domestic and industrial sewage flowed into Pond No.1, where most solids settled out. When Pond No.1 
was full, effluent flowed into Ponds Nos. 2 and 3, then to the New River. The accumulated sludge has not 
been removed from these ponds. Currently, all the ponds are dry and partially covered with local 
vegetation.”            

  Contains a Figure with pond drainage out to New River – Figure 2-1 (pg. 16)  
  pesticide contamination:        

 “Two pesticides/PCBs, Aroclor 1254 and dieldrin, were reported above residential PRGs. An 
elevated concentration of Aroclor 1254 was reported in EClO-31, and elevated concentrations of dieldrin 
were reported in samples ECI0-S30 and EClO-S31.”       
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Date:  5/16/2018    Researcher:  Gabriela Staehle    
 
Type of Research: 
 

X Administrative Record/NIRIS 

 Online Research 

 Miscellaneous Document Review 

Document Name: Final Remedial Investigation Report For IR Site 2, Patrol Road Landfill    

Document Author: Bechtel Environmental, Inc.         

Document Date: 4/2004            

File Name: 2004 Final RI for Patrol Road Landfill        

Was a copy of the report obtained? 

x Yes 

 No (provide reason) 

Notes:  Includes IRP Site 2          
   

  “Site 2, located in the northwest comer of NAP EI Centro, contains an inactive municipal 
landfill, piles of surface debris, and three former borrow pits filled with construction debris. Unit 1 was 
originally a borrow area for fill material used during construction to extend the main east-west runway and 
to relocate Patrol Road and the adjacent Elder Canal in 1953. The three borrow pits subsequently filled 
with water and existed as ponds from about 1955 to 1962. In 1962, the ponds were drained and filled with 
construction debris (mainly concrete). Unit 2 includes a ravine that served as a municipal landfill from 
about 1946 until 1965 when landfill operations were transferred to Site 1. A variety of wastes including 
household rubbish, various fuels and oils, solvents, batteries, paints, pesticides, and construction and 
demolition debris were disposed in this part of the site during that period. The landfill waste was 
apparently burned for volume reduction. Piles of surface debris consisting of concrete, metal, and pipe 
surround the formerlandfill; this debris includes asbestos-containing materials.”    
        

 Figure 1-1 includes drainage channel (Pg 27)       
      

 “In accordance with provisions ofthe final Work Plan (BEl 2002), samples were collected from 
each wellpoint using a peristaltic pump fitted with single-use Teflon® tubing. Twelve regular and field 
duplicate groundwater samples were collected from the 10 temporary wellpoints.    
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 Research Log   
 Preliminary Assessment Report for Base-wide Investigation 
 of Per- and Polyfluoroalkyl Substances 
 Contract No. N62473-16-D-2405, TO N6247318F4445 
 Naval Air Station El Centro, California 
 
 
Date:  5/16/2018   Researcher:  Gabriela Staehle     
 
Type of Research: 
 

X Administrative Record/NIRIS 

 Online Research 

 Miscellaneous Document Review 

Document Name: Final Updated Tank Management Plan        

Document Author: BECHTEL Environmental, Inc.        

Document Date: 2/2006            

File Name: 2006 Final Updated Tank Management Plan UST 110.114.116.116A    

Was a copy of the report obtained? 

x Yes 

 No (provide reason) 

Notes:   A total of 202 known or suspected UST sites have been identified that are on property 
currently or previously controlled by NAF EI Centro. None of the USTs are currently active.  
          

 What sort of fire suppression system was used near tanks? 

 “The Spill Prevention Control and Countermeasure Plan for NAF EI Centro (SWDIV 1999) states 
specific measures to prevent future releases of petroleum to the environment.”    
         

 Figure 2-2 Irrigation Canal – Pg. 45        
     

 Contains many building uses. – Pg. 73        
     

 List of ASTs, use of AFFF not mentioned in recommendations from Spill Prevention Control and 
Counter Measure Plan.           
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History and Use of Per- and Polyfluoroalkyl Substances (PFAS) continued

•	In May 2000, 3M, the principal worldwide manufacturer and sole U.S. manufacturer of PFOS, announced a voluntary 
phase-out of perfluorooctanyl chemistries, which included PFOS, PFHxS, PFOA, and related precursors. 3M reportedly 
completed most of the phase-out by the end of 2002, with the remaining phase-out completed by 2008 (USEPA 2003b; 
USEPA 2017e; 3M 2017b). 

•	USEPA issued Significant New Use Rules (SNURs) under the Toxic Substances Control Act (TSCA) to restrict any future 
use or production of 183 PFAS, which include 88 of the PFOS-related chemicals phased-out by 3M. However, the 
SNURs allowed for continued, low-volume use of some of these PFAS in the photographic/imaging, semiconductor, 
etching, metal plating, and aviation industries. Also, due to the long shelf-life of PFOS-based fire-fighting foams, they 
may still be stored and in use at various facilities (see Section 4.2) (USEPA 2007). SNURs for some long-chain PFCAs 
and PFSAs have been proposed (USEPA 2015b).

•	In January 2006, USEPA initiated the PFOA Stewardship Program (USEPA 2006b). The eight major manufacturing 
companies committed to reducing PFOA, other longer-chain PFCAs (such as perfluorononanoic acid [PFNA] and 
perfluoroundecanoic acid [PFUnA]), and related precursors (for example, 8:2 fluorotelomer alcohol [FTOH]) that could 
be converted to these PFCAs from their global facility emissions and product content. USEPA indicates all eight 
companies successfully satisfied the program goals, meeting a 95% reduction by 2010, and elimination by 2015 
(USEPA 2017e). Even though the program goals were met, materials imported to the United States may contain these 
PFCAs and related precursors. 

PFAS are manufactured globally. Recently increased production of PFOA and related PFAS in China, India, and Russia 
have potentially offset the global reduction anticipated with the U.S. phase-out (OECD 2015b). PFAS manufacture began 
in China in the 1980s (World Bank 2017a, b), and PFOS production in China increased with the long-chain PFAA phase-
out in the United States (Concawe 2016). In 2016, PFOS and its derivatives were still being produced in Germany, Italy, 
and China (Witteveen+Bos and TTE 2016), but by early 2017, China was the only known producer of PFOS. China has 
ratified the Stockholm Convention on POPs and a grant from Global Environment Facility (GEF) was approved in 2017 to 
support the reduction of PFOS in China (World Bank 2017a). 

3.5 Replacement Chemistry 
Manufacturers have been developing replacement technologies, including reformulating or substituting longer-
chain substances with shorter-chain perfluoroalkyl or polyfluorinated substances that include, but are not limited to, 
compounds produced with ECF and fluorotelomerization, such as: FTOH, perfluorobutane sulfonyl fluoride (PBSF)-
based derivatives (for example, perfluorobutane sulfonate [PFBS] in lieu of PFOS), polyfluoroethers (for example, GenX 
and ADONA used in the manufacture of fluoropolymers) and other types of PFAS (Hori et al. 2006; OECD 2007; Herzke, 
Olson, and Posner 2012; Wang et al. 2013; Wang et al. 2015; Holmquist et al. 2016). 

Many long-chain PFAS alternatives are structurally similar to their predecessors and manufactured by the same 
companies (Concawe 2016; Wang et al. 2015). However, it is not yet clear if some of these chemicals can achieve the 
same performance effectiveness of some of their predecessors. For example, a 2015 study concluded that there are no 
non-fluorinated alternatives that provide equivalent technical performance in textiles (Danish EPA 2015). 

Several studies suggest some of the replacement PFAS may or may not be less hazardous than the long-chain 
predecessors, although publicly available information on most replacement chemicals is limited (Wang et al. 2015; RIVM 
2016). Documentation regarding the USEPA’s review of hundreds of “shorter chain-length PFAS telomeric” substitutes 
for long-chain PFAS is available under the TSCA New Chemicals Program (OECD 2013; USEPA 2017g). Other 
documentation regarding replacement chemistries is available from the FluoroCouncil (2017). 

Information on environmental contamination by replacement PFAS is limited, and most are not detected by standard 
analytical methods (Wang et al. 2013). Treatment processes used to remove these chemicals from waste streams may 
not be as effective as with longer-chain PFAS (Sun et al. 2016). 

4 Major Sources of PFAS in the Environment 
PFAS are used in many industrial and consumer applications. Major sources may have released PFAS into the 
environment and impacted drinking water supplies in many areas of the United States (Environmental Working Group 
and Northeastern University Social Science Environmental Health Research Institute 2017). 
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History and Use of Per- and Polyfluoroalkyl Substances (PFAS) continued

4.1 Production and Manufacturing Facilities 
Both in the United States and abroad, primary manufacturing facilities produce PFAS and secondary manufacturing 
facilities use PFAS to produce goods. Due to the solubility and persistence of many PFAS, environmental release 
mechanisms associated with these facilities include air emission and dispersion, spills, and disposal of manufacturing 
wastes and wastewater. Potential impacts to air, soil, surface water, stormwater, and groundwater are present not only at 
release areas but potentially over the surrounding area (Shin et al. 2011). Table 4-1 summarizes potential major sources 
of PFAS releases to the environment based on the manufacturing sector. Manufacturing of commercial products and 
consumer goods summarized in Section 5 may also be environmental sources but are not included in this table. 

Table 4-1. Potential major manufacturing sources of PFAS releases to the environment

Sector Example Uses References

Textiles & Leather Factory- or consumer-applied coating to repel 
water, oil, and stains. Applications include 
protective clothing and outerwear, umbrellas, 
tents, sails, architectural materials, carpets, 
and upholstery.  

Rao and Baker 1994; Hekster, Laane, 
and de Voogt 2003; Brooke, Footitt, 
and Nwaogu 2004; Poulsen et al. 2005; 
Prevedouros et al. 2006; Walters and 
Santillo 2006; Trudel et al.  2008; Guo et 
al. 2009; USEPA 2009a; Ahrens 2011; 
Buck et al. 2011; UNEP 2011; Herzke, 
Olsson, and Posner 2012; Patagonia 
2015; Kotthoff et al. 2015; ATSDR 2015

Paper Products Surface coatings to repel grease and moisture. 
Uses include non-food paper packaging 
(for example, cardboard, carbonless forms, 
masking papers) and food-contact materials 
(for example, pizza boxes, fast food wrappers, 
microwave popcorn bags, baking papers, pet 
food bags).

Rao and Baker 1994; Kissa 2001; 
Hekster, Laane, and de Voogt 2003; 
Poulsen et al. 2005; Trudel et al. 2008; 
Buck et al. 2011; UNEP 2011; Kotthoff 
et al. 2015; Schaider et al. 2017

Metal Plating & Etching Corrosion prevention, mechanical wear 
reduction, aesthetic enhancement, surfactant, 
wetting agent/fume suppressant for chrome, 
copper, nickel and tin electroplating, and post-
plating cleaner.  

USEPA 1996; USEPA 1998; Kissa 2001; 
Prevedouros et al. 2006; USEPA 2009b; 
UNEP 2011; OSHA 2013; KEMI 2015; 
Danish EPA 2015

Wire Manufacturing Coating and insulation. Kissa 2001; van der Putte et al. 2010; 
ASTSWMO 2015

Industrial Surfactants, 
Resins, Molds, Plastics

Manufacture of plastics and fluoropolymers, 
rubber, and compression mold release 
coatings; plumbing fluxing agents; 
fluoroplastic coatings, composite resins, and 
flame retardant for polycarbonate.  

Kissa 2001; Renner 2001; Poulsen 
et al. 2005; Fricke and Lahl 2005; 
Prevedouros et al. 2006; Skutlarek, 
Exner, and Farber 2006; van der Putte 
et al. 2010; Buck et al. 2011; Herzke, 
Olsson, and Posner 2012; Kotthoff et al. 
2015; Miteni 2016; Chemours 2017

Photolithography, 
Semiconductor Industry

Photoresists, top anti-reflective coatings, 
bottom anti-reflective coatings, and etchants, 
with other uses including surfactants, wetting 
agents, and photo-acid generation.

SIA 2008; Choi et al. 2005; Rolland et 
al. 2004; Brooke, Footitt, and Nwaogu 
2004; van der Putte et al. 2010; UNEP 
2011; Herzke, Olsson, and Posner 2012
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History and Use of Per- and Polyfluoroalkyl Substances (PFAS) continued

The U.S. Department of Defense (USDOD) has undertaken an evaluation of potential firefighting foam contamination at 
its facilities nationwide (Anderson et al. 2016). Similar efforts have been undertaken by some states. For example, the 
Minnesota Pollution Control Agency (MPCA) conducted a state-wide survey of firefighting foam use at training sites. 
Working with the State Fire Chief Association, the MPCA identified more than two dozen locations where Class B foams 
were likely used in firefighting training (Antea Group 2011). 

4.3 Waste Disposal
Disposal of wastes generated during primary PFAS production and secondary manufacturing using PFAS can be sources 
of PFAS environmental contamination. As PFAS manufacturing processes change with time, the resulting type and 
composition of waste streams also change. Given that PFAS production and use began several decades before the 
enactment of federal and state regulations governing waste disposal (for example, Resource Conservation and Recovery 
Act [RCRA] in 1976 [USEPA 2017d]), environmental impacts, including impacted drinking water supplies, from disposal 
of legacy PFAS industrial waste have been documented (Shin et al. 2011; MPCA 2017). 

Leachate from some municipal solid waste landfills has been shown to be a source of PFAS release to the environment, 
with the presence of some PFAS reportedly due to the disposal of consumer goods treated with hydrophobic, stain-
resistant coatings (Busch et al. 2010; Eggen, Moeder, and Arukwe 2010). PFAS composition and concentration in 
leachates vary depending on waste age, climate, and waste composition (Allred et al. 2015; Lang et al. 2017). 

The evolution of waste reduction and landfill technology has provided significant protection to human health and the 
environment (Hickman 1999). Leachate collection systems are essential to providing systematic transport of leachate 
to a central location for recirculation, treatment, or offsite treatment (Arabi and Lugowski 2015). Leachate treatment by 
wastewater treatment plants (WWTPs) is common prior to discharge to surface water, or distribution for agricultural or 
commercial use (Lang 2016). Standard WWTP technologies may do little to reduce or remove PFAS and discharge of 
landfill leachate treated at WWTPs represents a secondary source of certain PFAS release to the environment (Ahrens et 
al. 2015; CRC Care 2017). 

4.4 Wastewater Treatment 
Consumer and industrial use of PFAS-containing materials, including disposal of landfill leachate and firefighting foam, 
results in the discharge of PFAS to WWTPs. WWTPs, particularly those that receive industrial wastewater, are possible 
sources of PFAS release. (Lin, Panchangam, and Lo 2009; Ahrens et al. 2009). 

4.4.1 WWTP Operations 
Conventional sewage treatment methods do not efficiently remove PFAAs (Ahrens et al. 2011; Schultz et al. 2006). 
Evaluation of full-scale WWTPs has indicated that conventional primary (sedimentation and clarification) and secondary 
(aerobic biodegradation of organic matter) treatment processes, can result in changes in PFAS concentrations and 
classes (for example, an increase in the concentrations of PFAAs in effluent, presumably from degradation of precursor 
PFAS) (Schultz et al. 2006). 

Some PFAS are frequently detected in WWTP effluent (for example, PFOA and PFBS), with concentrations of some PFAS 
ranging up to hundreds of ng/L; effluents are believed to be major point sources of these chemicals in surface water 
(Ahrens 2011). Hu et al. (2016) demonstrated that the presence of WWTPs in an area was predictive of the presence of 
PFOS and PFOA in drinking water. PFOS and PFOA are two of the most frequently detected PFAS in wastewater. (Hamid 
and Li 2016). Using WWTP effluent-impacted surface water as a source of tap water can, in turn, recycle the PFAS back 
to the WWTP, recirculating PFAS in the water cycle (Hamid and Li 2016). 

At some WWTPs, studies have shown concentrations of PFAS in ambient air to be 1.5 to 15 times greater than reference 
sites (Ahrens et al. 2011). PFAS distribution (primarily PFAAs and FTOH, with higher concentrations of FTOH) changes 
based on the specific PFAS sources in the effluent and the type of treatment methods employed at the WWTP. Lagoon 
systems contain a greater fraction of PFAAs. 

4.4.2 Biosolids
PFAS (measured as PFCAs and PFSAs) have been found in domestic sewage sludge (Higgins et al. 2005). USEPA states 
that more than half of the sludge produced in the United States is applied to agricultural land as biosolids, therefore 
biosolids application can be a source of PFAS to the environment (USEPA 2017n). The most abundant PFAS found 
in biosolids (PFOS and PFOA) are the same as in WWTP effluent; however, biosolids may also contain other long-
chain PFAS (Hamid and Li 2016). Application of biosolids as a soil amendment can result in a transfer of PFAS to soil 
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 PFOS is extremely persistent. It has not showed any degradation in tests of 
hydrolysation, photolysation or biodegradation in any environmental condition 
tested. The only known condition whereby PFOS is degraded is through high 
temperature incineration. 

 
With regard to bioaccumulation potential, PFOS meets the criterion through 
highly elevated concentrations that has been found in top predators such as the 
polar bear, seal, bald eagle and mink. Based on the concentrations found in their 
prey, high BMFs have been estimated. BCF values in fish, although (rather) high 
do not in themselves meet the specific criteria. 
 
PFOS in the environment 
PFOS and PFOS-related substances are released to the environment at their 
manufacture, during their use in industrial and consumer applications and from 
disposal after their use. Elevated concentrations of PFOS have been found in 
sewage effluents and leakage water from landfills. These findings display 
pathways of PFOS and its related substances to the environment. PFOS have 
been detected in a large variety of biota in locations all around the globe, as well 
as in water in the open oceans. Most notable and alarming is the high 
concentrations of PFOS that have been found in Arctic animals, far from 
anthropogenic sources.  
 
Due to their intrinsic properties, PFOS and its related substances are used in a 
wide variety of applications, often at concentrations lower than is required for 
product information. Also, the rate and the extent of the formation of PFOS from 
its related chemicals are largely unknown, and it is therefore very difficult to 
estimate the releases of PFOS to the environment. 
 

 Uses 
In year 2000, 3M decided to voluntarily phase out the production of PFOS, 
which has resulted in a significant reduction in the use of PFOS related 
substances. The current sectors where PFOS and its related substances are used 
are:  
 
• In existing fire fighting foam stock 
• Photographic industry 
• Photolithography and semiconductors,  
• Hydraulic fluids and metal plating 

 
Historically, PFOS and its related substances have been used in applications 
such as fire fighting foams, carpets, leather/apparel, textiles/upholstery, paper 
and packaging, coatings and coating additives, industrial and household cleaning 
products and pesticides and insecticides. 
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INTRODUCTION 
 

Perfluorooctane sulphonate (hereafter referred to as PFOS) is a fully fluorinated 
anion that belongs to a large group of perfluorinated substances (PFAS). Also 
included amongst PFAS are PFOS-related substances, which can be degraded to 
PFOS.  
 
PFOS has been on the global agenda since year 2000 when 3M (the major global 
producer of PFOS) announced that the company would voluntarily phase out its 
production. Since then, a number of activities in different forums have been 
undertaken. 
 
The environmental protection agency (EPA) in USA have introduced Significant 
New Use Rules (SNUR), requiring companies to inform EPA before 
manufacturing or importing listed PFOS related substances. There are two 
SNURs, listing 88 substances. 
 
A hazard assessment of PFOS, done by OECD in 2002, concluded that the 
presence and the persistence of PFOS in the environment, as well as its toxicity 
and bioaccumulation potential, indicate a cause of concern for the environment 
and human health. 
 
At present, an environmental risk assessment is prepared by the UK-
Environment Agency, and discussed by the EU member states under the 
umbrella of the existing substances regulation (ESR DIR 793/93). A PFOS risk 
reduction strategy is currently being prepared by the Department for 
Environment, Food and Rural Affairs (Defra, UK), which may also form a basis 
for EU risk reduction measures.  
 
This dossier on PFOS mainly builds on information that has been gathered by 
the United Kingdom, i.e., in the hazard assessment report prepared by the UK 
and the USA for the OECD, and in the UK risk reduction strategy. Some recent 
information from the open scientific literature is also included.
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A.  Chemical identity 
 
 Chemical name: Perfluorooctane Sulfonate (PFOS) 
 Molecular formula: C8F17SO3  

Structural formula: 
 

 
Figure 1. Structural formula of PFOS shown as its potassium salt  
 
Synonyms: 
1-Octanesulfonic acid, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro; 
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-1-octanesulfonic acid; 
1-Octanesulfonic acid, heptadecafluoro-; 
1-Perfluorooctanesulfonic acid;  
Heptadecafluoro-1-octanesulfonic acid; 
Perfluoro-n-octanesulfonic acid; 
Perfluoroctanesulfonic acid; 
Perfluoroctylsulfonic acid 
 
PFOS is a fully fluorinated anion, which is commonly used as a salt or 
incorporated into larger polymers. PFOS and its closely related compounds, 
which contain PFOS impurities or can give rise to PFOS, are members of the 
large family of perfluoroalkyl sulphonate substances (PFAS). The schematic 
structure of PFAS is given in Figure 2.  
 

F C

F
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Figure 2. Schematic structure of PFAS.  
R is equal to any given functional group such as OH, NH2, etc.  
For PFOS-related substances, x = 7.  
 
PFOS is not listed as a substance on EINECS and has no classification. The acid 
form of PFOS is not classified on Annex I of Directive 67/548/EEC, and neither 
are any of the usual salts (potassium, ammonium, and lithium). 
 
Perfluorinated substances with long carbon chains, including PFOS, are both 
lipid-repellent and water-repellent. Therefore, the PFOS-related substances are 
used as surface-active agents in different applications. The extreme persistence 
of these substances make them suitable for high temperature applications and for 
applications in contact with strong acids or bases. It is the very strong carbon-
fluorine bindings that cause the persistence of perfluorinated substances.  
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B  POP Characteristics 

1. Potential for long-range transboundary atmospheric transport 
 The potassium salt of PFOS has a measured vapour pressure of 3,31 x 10-4 Pa 

(OECD, 2002). Due to this vapour pressure and a low air-water partition 
coefficient (< 2x10-6), PFOS itself is not expected to volatilise significantly. It is 
therefore assumed to be transported in the atmosphere predominantly bound to 
particles, because of its surface-active properties, rather than in a gaseous state.   
 
Note that some of the PFOS-related substances have a considerably higher 
vapour pressure than PFOS itself, and are as a result more likely to be volatile. 
This may allow a wider transport of PFOS-related substances through air than is 
possible for PFOS itself. Examples of these are EtFOSE alcohol, MeFOSE 
alcohol, MeFOSA, EtFOSA, and FOSA. These precursors to PFOS could 
evaporate into the atmosphere. Once in the atmosphere they can remain in gas 
phase, condense on particles present in the atmosphere and be carried or settle 
out with them, or be washed out with rain (3M, 2000).   
 
The atmospheric half-life of PFOS is expected to be greater than two days. This 
has not been specifically tested but the statement is based on the fact that PFOS 
has exhibited extreme resistance to degradation in all tests performed. The 
indirect photolytic half-life of PFOS at 25°C has been estimated to be more than 
3.7 years (OECD, 2002). 
 
PFOS has through monitoring data been found in a wide range of biota in the 
Northern Hemisphere such as the Canadian Arctic, Sweden, the US and the 
Netherlands. In a study by Martin et al (2004), the levels of PFOS was measured 
in liver samples from biota in the Canadian Arctic and was found in the vast 
majority of the species examined (all except the black guillemot). The presence 
of PFOS in Arctic biota, far from anthropogenic sources, demonstrates the 
properties of PFOS for long-range transport. The mechanisms of this transport 
are not known, but it cannot be excluded that it is due to volatile PFOS-related 
substances that have been degraded to PFOS. 

 
 Conclusion 
 PFOS meets the criteria for the potential for long-range atmospheric transport. 

This is evident through monitoring data showing highly elevated levels of PFOS 
in various parts of the northern hemisphere. It is especially evident in the Arctic 
biota, far from anthropogenic sources. PFOS also fulfils the specific criteria for 
vapour pressure and atmospheric half-life. 
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2.  Toxicity and Ecotoxicity 
 
Toxicity 

 Evidence of the toxicity of PFOS is available from acute, sub-chronic and 
chronic exposures to rats, sub-chronic exposures to monkeys, and a two-
generation study on rats. Results are available from reproductive and 
teratogenicity studies on rats and rabbits. Details of these studies are not 
included here, they can be found in the assessment made by OECD (2002). The 
most relevant for this notification are: 

 
•  A 90-day study on rhesus monkeys exposed to PFOS potassium salt via 

gavage at the doses 0; 0,5; 1,5 and 4,5 mg/kg bw/day.  At 4,5 mg/kg bw/day 
all monkeys (4) died or were sacrificed in moribound condition. No deaths 
were observed at 0,5 or 1.5 mg/kg bw/day, but there were signs of 
gastrointestinal toxicity. NOAEL could not be established since the lowest 
dose was a LOAEL. The results of this test show that PFOS fulfils the EU 
criteria for classification as Toxic, with the risk phrase R48. 

 
•  A 90-day oral repeated dose toxicity study in rats that were fed diets 

containing 0, 30, 100, 300, 1000 and 3000 ppm of PFOS potassium salt. All 
rats died when fed diets containing 300 ppm PFOS and above (equivalent to 
18 mg/kg bw/day and above). At 100 ppm (6 mg/kg bw/day), 50% (5/10) of 
the animals died. All rats receiving diets containing 30 ppm PFOS (2.0 
mg/kg/day) survived until the end of the study, but small changes in body 
and organ weights were reported. Since the lowest dose tested was a 
LOAEL, a NOAEL could not be established. Also in rats, classification for 
chronic toxicity (R 48 according to EU criteria) is warranted. 

 
• A two-generation reproductive toxicity study on rats that were fed PFOS 

potassium salt via gavage at the doses 0,1; 0,4; 1,6; and 3,2 mg/kg bw/day. 
At the doses 1,6 and 3,2 mg/kg bw/day a significant reduction in the viability 
of the F1 generation was observed. In the 1,6 mg/kg bw/day group, 34% 
(86/254) of the F1 pups died within four days after birth. In the 3,2 mg/kg 
bw/day group, 45% (71/156), of the F1 pups died within one day after 
delivery. None of these pups survived beyond day 4.  

 
Maternal toxicity at 1,6 and 3,2 mg/kg bw/day was manifested as reduced 
food consumption, body weight gain, and terminal bodyweight. Localised 
alopecia was also observed at 3,2 mg/kg bw/day. LOAEL in this study was 
0,4 mg/kg bw/day based on significant reductions in pup weight gain in the 
F1 generation animals. The NOAEL was 0,1 mg/kg bw/day.  

 
 A study by Grasty et al. (2003) concluded that exposure to PFOS late in 

gestation is sufficient to induce 100% pup mortality and that the causative 
factor may be inhibition of lung maturation.  
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Ecotoxicity 
 Environmental toxicity data for PFOS is predominantly found for aquatic 

organisms such as fish, invertebrates and algae.  
 

PFOS has shown moderate acute toxicity to fish. The lowest observed LC50 
(96h) was estimated to 4,7 mg/l in a study where Fathead minnow (Pimephales 
promelas) were exposed to the lithium salt of PFOS. The lowest NOEC, 0,3 
mg/l, has been observed in Pimephales promelas at prolonged exposure (42d) 
and was based on mortality (OECD, 2002). By this toxicity to fish PFOS fulfils 
the EU criteria for the classifications R 51 with the risk phrase ”toxic to aquatic 
organisms” and R 53 ” May cause long-term adverse effects in the aquatic 
environment. 
 
The lowest LC50 (96h) for aquatic invertebrates has been observed in the Mysid 
shrimp (Mysidopsis bahia) and was estimated to 3,6 mg/l. The lowest NOEC-
value has been observed in Mysidopsis bahia at 0,25 mg/l (OECD, 2002). 
 
The most sensitive algae appear to be the green algae Pseudokirchnerilla 
subcapitata with a IC50 (96h, cell density) of 48,2 mg/L. The lowest NOEC-
value for algae was determined in the same study for Pseudokirchnerilla 
subcapitata, 5,3 mg/L (Boudreau et al., 2003).  
 
Conclusions 

 PFOS fulfils the criteria for toxicity. It has demonstrated toxicity towards 
mammals in sub-chronic repeated dose studies at low concentrations (a few 
mg/kg bw/day) and displayed reproductive toxicity with mortality of pups 
occurring shortly after birth, probably caused by inhibition of lung maturation.   

 
PFOS is toxic to aquatic organisms with the lowest NOEC (0.25 mg/L) observed 
in mysid shrimp. 
 

3. Persistence 
 PFOS is extremely persistent. It does not hydrolyse, photolyse or biodegrade in 

any environmental condition tested (OECD 2002).  
   
 A study on the hydrolysis of PFOS in water has been performed following US-

EPA OPPTS protocol 835.2210. The study was conducted at pH varying from 
1.5 – 11.0 and at a temperature of 50°C, to facilitate hydrolysis, but did not 
indicate any degradation of PFOS. The half-life of PFOS was set to be greater 
than 41 years. 

 
 A study on the photolysis of PFOS in water following US-EPA OPPTS protocol 

835.5270 has been conducted. No evidence of direct or indirect photolysis was 
observed under any of the conditions tested. The indirect photolytic half-life of 
PFOS at 25°C was calculated to more than 3.7 years. 

 
 Biodegradation of PFOS has been evaluated in a variety of tests. Aerobic 

biodegradation of PFOS has been tested in activated sewage sludge, sediment 
cultures and soil cultures in several studies. Anaerobic biodegradation has been 
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tested in sewage sludge. Neither of the studies demonstrated any signs of 
biodegradation.  

 
 The only known condition whereby PFOS is degraded is through high 

temperature incineration  (3M, 2003). 
 
 Conclusion 
 PFOS has not showed any signs biodegradation in any tests, and therefore fulfils 

the criteria for persistence. 
 

4.  Bioaccumulation 
 Tests on the bioconcentration of PFOS in fish have been performed, but the 

bioaccumulation in mammals has not been studied.   
 
 It should be noted that PFOS does not accumulate in fat tissue, which is typical 

of many persistent organic pollutants. This is a consequence of the fact that 
PFOS is both hydrophobic and lipophobic. Instead, PFOS binds to proteins in 
the blood and the liver (3M, 2003).  

 
 In a study following OECD protocol 305, the bioaccumulation of PFOS in 

bluegill sunfish (Lepomis macrochirus) have been tested. The kinetic 
bioconcentration factor (BCFK) for whole-fish was there determined to 2796  
(OECD, 2002).  

 
 In another study on Rainbow trout (Oncorhynchus mykiss), a bioconcentration 

factor (BCF) in liver and plasma was estimated to 2900 and 3100 respectively 
(Martin, et al., 2003). 

 
When strictly looking at the BCF-values, it is clear that these values are below 
the BCF-criteria, but in this particular case, the BCF may not adequately 
represent the bioaccumulation potential of the substance. Thus, monitoring data 
from top predators at various locations show highly elevated levels of PFOS and 
demonstrates substantial bioaccumulating and biomagnifying (BMF) properties 
of PFOS. It is notable that the concentrations of PFOS found in livers of arctic 
polar bears exceeds the concentrations of all other known individual 
organohalogens (Martin et al., 2004). Based on the concentration of PFOS in 
predators (e.g., the polar bear) in relation to the concentration in their principal 
food (e.g., seals) hypothetical BMF-values can be calculated. Such data are 
reported in Table 4. It should be noted that there are uncertainties in these 
comparisons. Even if either liver or blood concentrations are compared in two 
species, species-differences in specific protein binding in that particular 
compartment may affect the concentration in the organ without having affected 
the whole-body concentration of the substance. 
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A.  Extent of release to the environment 
 

1 Production 
Three different production processes can be used to produce fluorinated 
substances: 
 
1. Direct fluorination, electro-chemical fluorination, ECF 
C8H17SO2Cl + 18 HF → C8F17SO2F + HCl + by products  
This method was used by 3 M and is called ‘Simons Electro Chemical 
Fluorination’. (The major product categories and applications for 
perfluorooctylsulphonates is shown in annex 2) 
 
2. Telomerisation 
C2F5I + 3 C2F4 → C8F17I  → C8F17-tensides.  
This method is used by Du Pont and it gives a more well-defined product 
containing fewer isomers. 
 
3. Oligomerisation 
This method gives branched carbon chains and fewer isomers. 
 
On 16 May 2000, 3M (the major global producer of PFOS based in the United 
States) announced that the company would phase-out the use of PFOS 
voluntarily from 2001 onwards. The 3M global production was in year 2000 
approximately 3,700 metric tonnes. In the beginning of 2003 the production 
ceased completely. 
 
The US Environmental Protection Agency (US EPA) compiled a list of non-US 
companies, which are believed to supply PFOS related substances to the global 
market. Of these (and excluding the plant of 3M in Belgium), six plants are 
located in Europe, six are located in Asia (of which four are in Japan) and one in 
Latin America (OECD, 2002) 
 
It has been suggested that, at the end of the last decade, there were a total of six 
companies manufacturing PFAS by the ECF process with a total global capacity 
of 4,650 metric tonnes per year. (UK Stage 4 Final Report) 
 

2 Uses 
3M´s voluntary phase out of PFOS production has led to a significant reduction 
in the use of PFOS related substances. This is due not only to the limited 
availability of these substances (3M had at the time the greatest production 
capacity of PFOS related substances in the world), but also to action within the 
relevant industry sectors to decrease companies´ dependence on these 
substances. 
 
The historical use of PFOS related substances in the following applications has 
been confirmed either in the UK (the first six) or the EU (the remaining two) 
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2.2 Metal Plating 
The main uses of PFOS related substances in metal plating are for chromium 
plating, and anodising and acid pickling. 
 
PFOS related substances lower the surface tension of the plating solution so that 
mist containing chromic acid from the plating activity is trapped in solution and 
is not released to air. Before the introduction of PFOS based applications to 
control the emissions of hexavalent chromium, mist was controlled through 
extraction. Hexavalent chromium is a known carcinogen. ( UK Stage 4 Final 
Report) 
 
 

2.3 Paper and Packaging Protection 
PFOS related substances have been used in the packaging and paper industries in 
both food packaging and commercial applications to impart grease, oil and water 
resistance to paper, paperboard and packaging substrates. According to 3M, 
fluorochemicals were used for both food contact applications (plates, food 
containers, bags and wraps) and non-food applications (folding cartons, 
containers and carbonless forms and masking papers). Since 3M´s withdrawal 
from the market, PFOS related substances are no longer used for these 
applications. (UK Stage 4 Final Report) 
 
 

2.4 Fire Fighting Foams 
Water is vital and effective in extinguish a majority of fires. However, when 
fighting fires involving flammable liquids (Class B), water tends to sink below 
the burning fuel due to its specific gravity and, thus, has a little effect in 
extinguishes the fires (and in some cases could even result in the flammable 
liquid spilling out of its contained area). Fire fighting foams were therefore 
developed for use on flammable liquids fires and have proven to be one of the 
most important and effective tools for dealing with such fires. Fire fighting 
foams are produced by a combination of foam concentrate (the form in which it 
is stored) and water, which is then aspirated with air to form the finished foam. 
The resulting foam forms a low-density blanket that extinguishes fires from 
flammable liquids. 
 
The fire fighting foams can be grouped in two main categories:  
 

• Fluorine containing foam types (some of them consists of PFOS related 
substances) 

• Fluorine-free foam types 
 
Since the announcement of the voluntary cessation of production of PFOS 
related substances by 3M, the presence of PFOS in fire fighting foams has 
gradually decreased. (UK Stage 4 Final Report) 
 
 

2.5 Industrial and Household Cleaning Products (Surfactants)  
3M PFOS based products were sold in the past to a variety of formulators to 
improve the wetting of water based products marketed as alkaline cleaners, floor 
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polishes (to improve wetting and levelling), denture cleansers and shampoos. 
Several of these products (alkaline cleaners, floor polishes, shampoos) were 
marketed to consumers; some products were also sold to janitorial and 
commercial services. A number of the alkaline cleaners were spray-applied. 
 
With regard to the UK cleaning products industry, the responses received to-date 
does not indicate the use of PFOS related substances in Industrial and household 
cleaning products. Based on information provided in product registers, the 
Swedish National Chemicals Inspectorate (KemI) has indicated that PFOS 
related substances are still being used in Sweden for both industrial and 
household use. (UK Stage 4 Final Report) 
 
 

2.6 Coatings and Coating Additives   
3M indicates that prior to the voluntary phase out of PFOS production, the 
company would sell fluorochemical polymer coatings and coating additives 
which were used undiluted or diluted with water or butyl acetate to impart soil or 
water repellence to surfaces (including printing circuit boards and photographic 
film). These polymers contained fluorocarbon residuals at a concentration of 4% 
or less. Other application where aqueous coatings used to protect tile, marble 
and concrete. It is unclear which of these products were actually based on PFOS 
related substances. 
 
A survey in UK among members to the British Coatings Federation (BCF) 
showed that the use of PFOS related substances for these purposes is very 
limited. (UK Stage 4 Final Report) 
 
 

2.7 Photographic Industry  
PFOS based chemicals are used for the following purposes in mixtures in 
coatings applied to photographic films, papers, and printing plates: 
 
• Surfactants 
• Electrostatic charge control agents; 
• Friction control agents; 
• Dirt repellent agents; and 
• Adhesion control agents 
 
According to the European Photographic Chemicals Industry Sector Group of 
CEFIC (EPCI), PFOS coating aids have a combination of surface-active 
properties that are unique and not found with any other type of coating aid. Only 
small quantities of PFOS materials are required to function as coating aids in 
imaging media. This property is important because the required addition of non-
photoactive materials to coatings in significant quantities diminish the ability of 
the imaging material to form the sharpest images. In short, thinner coatings 
make clearer, sharper images. (UK Stage 4 Final Report) 
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2.8 Photolithography and Semiconductors 
Photoresist 
Semiconductor manufacturing comprises up to 500 steps, of which there are four 
fundamental physical processes: 
 
• Implant 
• Deposition 
• Etch 
• Photolithography 
 
Photolithography is the most important step towards the successful 
implementation of each of the other steps and, indeed, the overall process. It 
shapes and isolates the junctions and transistors; it defines the metallic 
interconnects; it delineates the electrical paths that form the transistors; and joins 
them together. Photolithography reportedly represents 150 of the total of 500 
steps mentioned above (UK Stage 4 Final Report). 
 
Photolithography is also integral to the miniaturisation of semiconductors: 
Miniaturisation makes integrated circuits smaller, cheaper, faster and better, 
which is critical to continuing the electronic revolution (ESIA, 2003), and to EU 
manufacturers remaining competitive in the global market. 
 
Miniaturisation refers to the ability to reduce objects, as well as the gap between 
objects. The ability to effect this separation is proportional to the wavelength of 
light that is used to pattern the separation. This relationship between separation, 
i.e. optical resolution, and wavelength is well established. To improve 
resolution, the semiconductor industry has shortened the wavelength that it uses 
in photolithography four times since 1980, from 436nm through 365nm and 
248nm to 193nm. The latter wavelength is just entering use. A fifth wavelength, 
157nm, is expected to be introduced in 2004-5. This shortening of wavelength, 
however, comes at a price; the composition of the photoresist must be adjusted 
to appropriately respond to whichever wavelength for the exposure. The role of 
the photoresist is to record the exposure pattern, known as the aerial image, 
produced by the photolithography equipment  
(UK Stage 4 Final Report). 
 
The introduction of imaging at 248 nm changed the way in which the acidity of 
an exposed, positive photoresist is altered. The shorter wavelength uses a 
mechanism called chemical amplification (to make the process more efficient). 
 
Chemical amplification depends on a catalyst to chemically amplify the effect of 
the exposing light. The catalyst-precursor is called a photo-acid generator 
(PAG). A PAG is decomposed by light into and acid and the acid catalyses 
another reaction, which also produces and acid. This chain reaction continues to 
produce acid and to lead to the positive photoresist being chemically 
transformed in the areas that have been exposed. 
 
The catalytic process is most effective when the photo acid produced from the 
PAG is a strong Bronsted acid. The first generations of 248 nm resist were 
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formulated without PFOS in the PAG. PFOS PAG was included in formulations 
to improve performance. 
 
Antireflective Coatings 
A number of resist suppliers sell antireflective coatings (ARC), subdivided into 
Top (TARC) and Bottom (BARC) coatings and used in combination with deep 
ultra violet (DUV) photoresist. The process involves placing a thin, top coating 
on the resist to reduce reflective light, in much the same way and for the same 
purposes that eyeglasses and camera lenses are coated. TARC depends on good 
coating properties, water solubility, and an extreme refractive index. PFOS is 
present in TARC at a total of about 3% by weight. 
 
 

2.9 Hydraulic Fluids for the Aviation Industry 
Hydraulic fluids were initially used in aircraft to apply brake pressure. As larger 
and faster aircraft were designed, greater use of hydraulic fluids became 
necessary. An increase in the number of hydraulic fluid fires in the 1940s 
necessitated work towards developing fire resistant fluids. The first of these 
fluids was developed around 1948, when fire resistant hydraulic fluids based on 
phosphate ester chemistry were developed. The development of this phosphate 
ester technology is said to have been instrumental in achieving a step change in 
aircraft safety, with the virtual elimination of hydraulic fluid fires in commercial 
aircraft. 
 
Technological advances in the aviation industry required continuous 
modifications to the hydraulic fluids to meet the specifications of the aircraft 
manufacturers. For instance, servo valves containing phosphate ester-based 
fluids were found to experience corrosion on the high pressure side of the valve 
metering edge. It was found that certain additives (such as the perfluorinated 
anionic surfactants) could alter the electrical potential at the metal surface and 
prevent its electrochemical oxidation. 
 
As a result, hydraulic fluids based on phosphate ester technology and 
incorporating additives based on perfluorinated anions are used in all 
commercial aircraft, and in many military and general aviation aircraft 
throughout the world, as well as by every airframe manufacturer. 
 
In the past, structural/mechanical parts in aircraft hydraulic systems (e.g. pumps 
and valves) have been reported to exhibit a marked decrease in strength and an 
alteration in the geometry of the parts. Valves were also found to experience 
corrosion on the high pressure side of the valve metering edge, causing internal 
valve leakage, which resulted in decreased pressure and premature valve failure. 
 
Valves control the flow of hydraulic fluid to actuate moving parts of the aircraft 
such as wing flaps, ailerons, the rudder and landing gear. These valves often 
contain passages or orifices having clearances of the order of a few thousands of 
an inch or less through which the hydraulic fluid must pass. Erosion increases 
the size of the passage and can reduce below tolerable limits the ability of the 
valve to serve as a precise control device. Corrosion in valves can thus result in 

MMEC-2405-4445-0005 C-472 25 June 2019



Preliminary Risk Profile PFOS 
 

  25 June 2004 22

the faulty operation of aircraft, excessive leakage of fluids or even hazardous 
conditions. 
 
In the case of pumps, erosion can result in a decrease in the efficiency of 
operation and damage, which necessitate a premature overhaul of mechanical 
parts (with both cost and time implications). This is in addition to increased risks 
to the environment resulting from the premature draining of the contaminated 
fluids from the system, filter clogging and filter replacement. 
 
It was discovered that the localised corrosion (referred to as erosion) was a result 
of a unique combination of factors including: 
 
• A very high fluid velocity at the upstream edge of the valve metering edge 
• The slight ionic character of phosphate esters 
• The steel metallurgy of the slide and sleeve construction  
 
Tests showed that perfluorinated anionic surfactants (such as PFOS) could 
inhibit erosion (and control damage) of mechanical parts of hydraulic systems 
that are used in all aircraft. These perfluorinated anions act by altering the 
electrical potential at the metal surface, thereby preventing the electrochemical 
oxidation of the metal surface under high fluid flow conditions. (UK Stage 4 
Final Report) 
 
 

2.10 Other uses 
There is information on other historical or current PFOS applications such as in 
Pesticides, medical applications, mining and oil surfactants, flame retardants and 
in adhesives. These applications represent a minor part of known PFOS 
applications and are therefore not further elaborated in this dossier. 
 

3.  Emissions and pathways to the environment 
There is to date very limited information regarding the emissions and pathways 
of PFOS to the environment. The occurrence of PFOS in the environment is a 
result of anthropogenic manufacturing and use, since PFOS is not a naturally 
occurring substance.  
 
Releases of PFOS and its related substances are likely to occur during their 
whole life cycle. They can be released at their production, at their assembly into 
a commercial product, during the distribution and industrial or consumer use as 
well as from landfills after the use of the products (3M, 2000). 
 
Manufacturing processes constitute a major source for PFOS to the local 
environment. During these processes volatile PFOS-related substances may be 
released to the atmosphere. PFOS and PFOS-related substances could also be 
released via sewage effluents (3M, 2000). High local emissions are supported 
by one study that has showed extremely high concentrations of PFOS in wood 
mice collected in the immediate vicinity to 3M’s fluorochemical plant in 
Antwerpen, Belgium (Hoff et al., 2004).  
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Fire training areas have also revealed to constitute a source of PFOS-emissions 
due to the presence of PFOS in fire-fighting foams. High levels of PFOS have 
been detected in neighbouring wetlands of such an area in Sweden (Swedish 
EPA, 2004) as well as elevated groundwater levels in the US close to a fire-
training area (Moody et al., 2003).  
  
One route for PFOS and PFOS-related substances to the environment seem to 
be through sewage treatment plants (STPs) and landfills, where elevated 
concentrations have been observed compared to background concentrations.  
 
Once released from STPs, PFOS will partially adsorb to sediment and organic 
matter and bioaccumulate in living organisms. A substantial amount of PFOS 
will also end up in agricultural soil, due to the application of sewage sludge. The 
primary compartments for PFOS are therefore believed to be water, sediment 
and soil (RIKZ, 2002).  
 
Dispersion of PFOS in the environment is thought to occur through transport in 
surface water, transport in air (volatile PFOS-related substances), adsorption to 
particles (in water, sediment or air) and through living organisms (3M, 2003).    
 
One major obstacle when trying to estimate the releases of PFOS to the 
environment is that PFOS can be formed through degradation of PFOS-related 
substances. The rate and the extent of that formation is presently not known. In 
a study on Swedish STPs, higher concentrations of PFOS were found in the 
effluents compared to incoming sewage water, which could indicate that a 
formation of PFOS through PFOS-related substances has occurred (Posner and 
Järnberg, 2004).  

 

B.  Environmental levels and bioavailability 
 
Levels of PFOS have been measured in various environmental matrices in 
countries such as Sweden, the US and the Netherlands. 

  
 Measured environmental levels  

A screening study have been made assigned by the Swedish EPA and performed 
by ITM, Institute of Applied Environmental Research, on the levels of PFOS in 
the Swedish environment (Swedish EPA, 2004). The results showed highly 
elevated levels of PFOS in a wetland in the vicinity of a fire drill area with a 
declining gradient out in the adjacent bay (2.2 – 0.2µg/L). Elevated levels were 
also detected outside STPs and landfills. Effluents from STPs contained levels 
of PFOS up to 0.020 µg/L and leakage water from landfills between 0.038 – 
0.152 µg/L.  
 
The occurrence of PFOS and other PFAS in open ocean waters such as the 
Atlantic and the Pacific Ocean have been investigated. The results showed that 
PFOS is present in central to western Pacific Ocean on concentrations ranging 
from 15 – 56 pg/L, and were comparable to the concentrations in the mid-
Atlantic ocean. These values appear to be the background values for remote 
marine waters far from local sources (Taniyasu et al., 2004).  
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This could also be confirmed by two separate studies on the Swedish population 
where the levels of PFOS in whole blood was higher (27.2 ppb, 3.0 – 67, n = 10) 
in females with a high consumption of fish (Berglund, 2004) compared to 
samples from females in the general population (17.8 ppb, 4.6 – 33, n = 26) 
(Kärrman et al., 2004).  
 
In humans, the highest concentrations of PFOS have been detected in workers at 
3M’s manufacturing plant for perfluorochemicals in Decatur, US, where the 
levels in serum in the last measurement (2000) ranged between 0.06 – 10.06 
ppm (OECD, 2002). 
 

C Socio-economic factors 
 

1 National and International Regulation 
1.1 Voluntary Phase Out of Production by 3M 

 
As discussed above the main producer of PFOS compounds voluntarily decided 
to phase-out the production in 2000. Production ceased completely by the 
beginning of 2003. Although it is recognised that 3M was the largest global 
producer of PFOS, other producers do exist. 
 

1.2 EU 
There is currently no legislation on the use of PFOS related substances in the EU 
that is related with their (potential) environmental and/or human health effects. 
 
It should however be noted that some legislation which generally applies to the 
release of substances to the environment may be relevant to the release of PFOS 
to the environment (for instance, the IPPC Directive 96/61/EC includes fluorine 
and its compounds in the indicative list of the main polluting substances to be 
taken into account if they are relevant for fixing emission limit values (Annex III 
to the Directive)). (UK Stage 4 Final Report) 
 

1.3 USA 
Following the announcement by 3M in May 2000 to phase out the production of 
PFOS, the US EPA proposed a significant new use rule (SNUR) under section 
5(a)(2) of the TSCA for 88 PFOS related substances on October 2000 (US EPA, 
2000). 
 
A SNUR is not a ban. It requires companies to file a notice (a SNUN) with US 
EPA 90 days before beginning the new manufacture or import of listed PFOS 
chemicals. The US EPA could grant, deny or impose restrictions on the intended 
use. The required notice is intended to provide the US EPA with the opportunity 
to evaluate any intended new use and associated activities and if necessary, to 
prohibit or limit that activity before it occurs. (UK Stage 4 Final Report) 
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1.4 OECD 

PFOS and related substances have been on the agenda within OECD since year 
2000. At the 34th Joint Meeting of the Chemicals Committee and the Working 
Party on Chemicals, Pesticides and Biotechnology (5-8 November 2002) it was 
agreed that OECD countries with production of these substances (Italy, Japan, 
Switzerland and UK) should ask their industry if they were planning to phase-
out the production of PFOS. The result of this investigation was then reported to 
the 35th Joint Meeting in June 2003. It was also agreed that there will be 
continuous reporting on the production and use and exposure of PFOS related 
substances to the Joint Meeting every second year. To facilitate this exchange of 
information an electronic Clearing House on PFOS and related substances has 
been established. (UK Stage 4 Final Report) 
 

1.5 OSPAR Convention 
At a ministerial meeting of the Contracting Parties to the OSPAR Convention in 
Sintra in 1998, it was agreed that man-made hazardous substances should not 
occur in the marine environment and that naturally occurring hazardous 
substances should not exceed natural background concentrations. To this end, it 
was agreed to make every endeavour to cease all discharges, emissions and 
losses of hazardous substances that could reach the marine environment by the 
year 2020 (UK Stage 4 Final Report) 
 
Within the framework of the above strategy on hazardous substances, 
perfluorinated compounds have been under consideration by OSPAR.  A 
considerable amount of data has been generated that show that PFOS meets the 
OSPAR selection criteria as a hazardous substance. Following a number of 
earlier meetings of the Hazardous Substances Committee at the Hague on PFOS, 
the UK and Sweden in April 2003 presented a proposal on the best way to 
proceed with the prioritisation of PFOS type substances and how to establish 
fact sheets for produced and marketed substances. (UK Stage 4 Final Report) 

  

2. Alternatives / Substitutes 
A significant proportion of previous users of PFOS related substances have 
moved to other fluorochemical products (fluorinated telomers). Fluorinated 
telomers cannot degrade to PFOS but under certain circumstances may degrade 
to perfluorooctanoic acid (PFOA). It is important to note that, while there is little 
information currently available to assess the environmental and health impacts 
of fluorinated telomers, extensive work is currently on-going in the US and other 
countries where there is some concern over the fate and behaviour of these 
substances. Until these and other studies are concluded, it will not be possible to 
draw any firm conclusion concerning the environmental/human health 
advantages of telomers over the PFOS related substances that they have 
substituted. The US EPA released a Preliminary Risk Assessment on the 
developmental toxicity of PFOA in April 2003, and is currently working to 
develop information on the sources and pathways leading to environmental and 
human exposure to PFOA in the environment ( UK Stage 4 Final Report) 
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2.1 Metal Plating Applications 

PFOS related substances are used in the following applications: 
 
• Decorative chromium plating 
• Hard chromium plating 
 
Information received indicates the there are currently no known alternative 
chemical mist suppressants to PFOS related substance for these applications; 
previous generations of chemical mist suppressants having failed due to 
excessive pitting of coatings and rapid breakdown during electrolysis. 
 
However, information received from a number of industry and regulatory 
authorities indicates that the substitution of Cr (VI) with the less hazardous Cr 
(III) in decorative plating application would eliminate the need for the use of 
PFOS related substances in this application. Such substitution has potentially 
significant cost savings, health and safety and environmental benefits for the 
metal plating sector. 
 
For hard chromium platers, the direct substitution of Cr (VI) is not currently a 
viable option as Cr (III) is not suitable for the deposition of thick chromium 
layers, as used in hard chrome applications. Substitutes such as the nickel-
tungsten-silicon carbide composites are still in the research phase, although there 
exist the possibility of other substitutes such as electroless nickel coating in 
specific applications. These alternatives need to be explored in more detail.  
(UK Stage 4 Final Report) 
 

2.2 Fire Fighting Foams 
A number of alternatives to the use of PFOS based fluorosurfactants in fire 
fighting foams are now available/under development. These alternatives include: 
 
• Non-PFOS based fluorosurfactants 
• Silicone based surfactants 
• Hydrocarbon based surfactants 
• Fluorine-free fire fighting foams 
• Other developing fire fighting foam technologies that avoid use of fluorine 
 
In UK, most of the fluorocarbon surfactants currently marketed are produced 
using the telomerisation process (see production) based on C6 telomer 
fluorocarbon surfactants. 
 
As a result of many years of continuous development, telomer based 
fluorosurfactants have been indicated as providing an equal and comparable 
performance to the PFOS based fire fighting foams and are reported to be highly 
reliable.  
 
These telomer based fire-fighting foams are not likely to be a source of PFOA in 
the environment because they predominantly contain the C6 fluorosurfactants. 
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Fluorine-free foams are a relative new technology (compared with the 
fluorosurfactant technology), particularly fluorine free foams for use on Class B 
fires. These newly developed foams for use on Class B fires do not contain any 
fluorosurfactants (UK Stage 4 Final Report). 
 

2.3 Photographic Industry  
Efforts to substitute PFOS related substances have resulted in a reduction of 
83% in the total amount of PFOS related substances used in imaging products 
since 2000. This has involved the elimination of the following uses of PFOS 
related substances as: 
 
• Defoamer used in the production of processing chemicals for films, papers, 

and printing plates 
• Photo acid generators in photolithographic processing solutions used in the 

manufacture of printing plates 
• Surfactants in photolithographic processing solutions used in the 

manufacture of printing plates 
 
However, while work is ongoing to identify substitutes, there are currently no 
alternatives to PFOS related substances in the following applications: 
 
• Surfactants for mixtures used in coatings applied to films, papers, and 

printing plates 
• Electrostatic charge control agents for mixtures used in coatings applied to 

films, papers, and printing plates 
• Friction control and dirt repellent agent for mixtures used in coatings applied 

to films papers, and printing plates 
• Adhesion control agents for mixtures used in coatings 
 
The market for photography products, although in decline following the rapid 
uptake of digital technology, still represents an important EU market with 
essential applications across a number of sectors (including defence and 
healthcare) (UK Stage 4 Final Report).  
 

2.4 Photolithography and Semiconductors 
PFOS based material are reported as being critical in two applications within the 
photolithography process: photoresist and anti-reflective coatings (ARC´s). 
 
Photoresist 
The operation of PFOS based PAGS is critical to the semiconductor industry in 
the photolithography process. 
In limited cases, resist suppliers can formulate chemically amplified resist 
without PFOS PAG. This is the case with photoresist designed for 248 nm 
wavelength. 
 
It should be noted that the semiconductor industry continues to make many 
products with 436nm and 365nm photolithography for which further 
miniaturisation is no longer cost effective. These products do not require PFOS 
PAG (ESIA, 2003) 
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The semiconductor industry is just beginning to introduce 193nm 
photolithography. It is expected to be the photolithography technology that 
drives the next round of miniaturization, the so-called 100nm technology node, 
in 2003-4. Photolithography with 157nm is still in development. However, 
formulation for 193nm and 157nm wavelength is currently not feasible without 
PFOS PAG. This is because of the technical difficulties encountered in 
designing the chemical sensitivity to photo acids used in 248nm resists into 
193nm and 157nm resist. The chemical sensitivities used in the 248nm resist 
make the resist absorb light too strongly to be used at the lower wavelength. 
(UK Stage 4 Final Report) 
 
Anti-reflective Coatings 
For anti-reflective coatings used in combination with deep ultra violet (DUV) 
photoresists, EISA indicates that there is no alternative available which fulfils 
the critical technical requirements necessary (UK Stage 4 Final Report). 
 
For uses of PFOS related substances in top (TARC) and bottom (BARC) resist 
coatings, suppliers are said to be working on polymeric replacements. However, 
high fluorine content and polymeric nature are relatively incompatible 
properties. The semiconductors industry indicates that replacement could take up 
to five years, if it can be done at all (UK Stage 4 Final Report) 
 

2.5 Hydraulic Fluids 
According to information received from one of the major producers of hydraulic 
fluids, there are no alternatives to the PFOS substances currently being used in 
aircraft systems. There is also no known alternative chemistry that will provide 
adequately protection to aircraft. 
 
According to this manufacturer, there have been attempts over the last 30 years 
to find acceptable alternatives to PFOS, and efforts have been accelerated since 
3M announced its withdrawal from the market. The company estimates that they 
have screened up to 2,500 formulations looking for the best erosion resistance 
additive package. There are currently no promising leads for a substitute for the 
PFOS related substances now in use, and there are no assurance that an 
acceptable alternative will ever be identified. 
 
To date, alkali metal salts of perfluoroalkyl sulfonic acids are the only available 
additives that have been found to provide effective erosion resistance for 
hydraulic fluids marketed for aircraft use. The incorporation of small amounts of 
these perfluorinated anionic surfactants into fire resistant phosphate esters based 
hydraulic fluids improves the ability to inhibit erosion of metal parts without 
adversely affecting the other properties of the fluid, such as viscosity, oxidative 
and thermal stability, corrosion resistance to the metal parts, and lubrication 
qualities for hydraulic system parts (UK Stage 4 Final Report). 

 

3 Emission Control Techniques 
Executive Body Decision 1998/2 indicates that this section could consider 
process changes, control technologies, operating practices and other pollution 
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prevention techniques which may be used to reduce emissions; along with 
comment on their applicability and effectiveness. 
 
In the UK Stage 4 final report, the following measures that could be applied to 
reduce or eliminate the emissions of PFOS to the environment are identified: 
 
• Process controls are applicable to the chromium plating industry, where 

these process changes are associated with the use of improved extraction and 
enclosure methods in hard chromium (VI) plating and a shift to chromium 
(III) processes in decorative plating. 

 
• Emission controls are applicable to all existing and professional uses, and in 

some industry sectors sophisticated environmental emission control is 
already applied. 

 
• Conditions on use might include the use of fire fighting foams in contained 

situations with accompanying fire water collection, treatment and disposal 
requirements and the use of containment and disposal technologies in aircraft 
maintenance.  

 
However, due to the end use of PFOS related substances in articles, emission 
control techniques cannot eliminate the diffuse sources, which are considerable.  
 

4 Cost and Benefits of Control 
In general, the benefits of identifying alternatives of substitutes for persistent 
organic pollutants, or of identifying process changes that decrease their use, 
include: 
 
• Lower emission to the environment 
• Lower worker exposure to the substance 
• Products that do not contain the substance will not release the substance 

either during their use or during subsequent recycling or disposal 
 
Generally, costs of alternatives or substitutes will include research and 
development and actual costs associated with use of substitutes. These costs are 
sometimes hard to distinguish from normal costs related to product 
development. 
 
Some examples of calculated costs  
The annualised costs per company, in the Metal Plating industry, of adopting 
improved ventilation extraction/tank enclosure have been calculated as being of 
order of £3,400 per year (15 years at discount rate of 3.5%) 
 
Decorative platers are likely to switch to the use of Cr (III) to avoid these costs 
and take up the potential net financial benefits from moving to the Cr (III) 
process. 
 
As indicated, efforts to replace PFOS related substances in Photographic 
Industry have resulted in a reduction of 83% in the total amount of PFOS related 
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substances used in imaging products since 2000. The costs of achieving this 
83% reduction across the EU since 2000 have been estimated as £12-24 million. 
(UK Stage 4 Final Report) 
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ANNEX 1 
UK Draft List of Compounds Potentially Degrading to PFOS in the Environment 
 

Table A1.1:  Draft List of Compounds Potentially Degrading to PFOS in the Environment 
Ref 
No. 

CAS 
Number PFOS related substance 

1 307-35-7 1-Octanesulphonyl fluoride, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro- 
2 376-14-7 2-Propenoic acid, 2-methyl-, 2-[ethyl[(heptadecafluorooctyl)sulphonyl]amino]ethyl ester 
3 383-07-3 2-Propenoic acid, 2-[butyl[(heptadecafluorooctyl)sulphonyl]amino]ethyl ester 
4 423-82-5 2-Propenoic acid, 2-[ethyl[(heptadecafluorooctyl)sulphonyl]amino]ethyl ester 
5 423-86-9 1-Octanesulphonamide, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-2-propenyl- 
6 754-91-6 1-Octanesulphonamide, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro- 
7 1652-63-7 1-Propanaminium, 3-[[(heptadecafluorooctyl)sulphonyl]amino]-N,N,N-trimethyl-, iodide 
8 1691-99-2 1-Octanesulphonamide, N-ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-(2-hydroxyethyl)- 
9 1763-23-1 1-Octanesulphonic acid, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro- 
10 1869-77-8 Glycine, N-ethyl-N-[(heptadecafluorooctyl)sulphonyl]-, ethyl ester 
11 2250-98-8 1-Octanesulphonamide, N,N',N''- [phosphinylidynetris(oxy-2,1-ethanediyl)]tris[N-ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro- 
12 2263-09-4 1-Octanesulphonamide, N-butyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-(2-hydroxyethyl)- 
13 2795-39-3 1-Octanesulphonic acid, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-, potassium salt 
14 2991-50-6 Glycine, N-ethyl-N-[(heptadecafluorooctyl)sulphonyl]- 
15 2991-51-7 Glycine, N-ethyl-N-[(heptadecafluorooctyl)sulphonyl]-, potassium salt 
16 3820-83-5 1-Octanesulphonamide, N-ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-[2-(phosphonooxy)ethyl]- 
17 3871-50-9 Glycine, N-ethyl-N-[(heptadecafluorooctyl)sulphonyl]-, sodium salt 
18 4151-50-2 1-Octanesulphonamide, N-ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro- 
19 13417-01-1 1-Octanesulphonamide, N-[3-(dimethylamino)propyl]-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro- 
20 14650-24-9 2-Propenoic acid, 2-methyl-, 2- [[(heptadecafluorooctyl)sulphonyl]methylamino]ethyl ester 
21 24448-09-7 1-Octanesulphonamide, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-(2-hydroxyethyl)-N-methyl- 
22 24924-36-5 1-Octanesulphonamide, N-ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-2-propenyl- 
23 25268-77-3 2-Propenoic acid, 2-[[(heptadecafluorooctyl)sulphonyl]methylamino]ethyl ester 
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Table A1.1:  Draft List of Compounds Potentially Degrading to PFOS in the Environment 
Ref 
No. 

CAS 
Number PFOS related substance 

24 29081-56-9 1-Octanesulphonic acid, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-, ammonium salt 
25 29117-08-6 Poly(oxy-1,2-ethanediyl), .alpha.-[2-[ethyl[(heptadecafluorooctyl)sulphonyl]amino]ethyl]-.omega.-hydroxy- 
26 29457-72-5 1-Octanesulphonic acid, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-, lithium salt 
27 30295-51-3 1-Octanesulphonamide, N-[3-(dimethyloxidoamino)propyl]-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro- 
28 30381-98-7 1-Octanesulphonamide, N,N'-[phosphinicobis(oxy-2,1-ethanediyl)]bis[N-ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-, ammonium salt 
29 31506-32-8 1-Octanesulphonamide, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-methyl- 
30 38006-74-5 1-Propanaminium, 3-[[(heptadecafluorooctyl)sulphonyl]amino]-N,N’,N’’-trimethyl-, chloride 
31 50598-29-3 1-Octanesulphonamide, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-(phenylmethyl)- 
32 52550-45-5 Poly(oxy-1,2-ethanediyl), α-[2-[[(heptadecafluorooctyl)sulphonyl]propylamino]ethyl]-ω -hydroxy- 
33 56773-42-3 Ethanaminium, N,N’,N’’-triethyl-, salt with 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-1-octanesulphonic acid (1:1) 
34 57589-85-2 Benzoic acid, 2,3,4,5-tetrachloro-6-[[[3- [[(heptadecafluorooctyl)sulphonyl]oxy]phenyl]amino]carbonyl]-, monopotassium salt 
35 58920-31-3 2-Propenoic acid, 4-[[(heptadecafluorooctyl)sulphonyl]methylamino]butyl ester 
36 61577-14-8 2-Propenoic acid, 2-methyl-, 4-[[(heptadecafluorooctyl)sulphonyl]methylamino]butyl ester 
37 61660-12-6 1-Octanesulphonamide, N-ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-[3-(trimethoxysilyl)propyl]- 
38 67939-42-8 1-Octanesulphonamide, N-ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-[3-(trichlorosilyl)propyl]- 
39 67969-69-1 1-Octanesulphonamide, N-ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-[2-(phosphonooxy)ethyl]-, diammonium salt 

40 67939-88-2 1-Octanesulphonamide, N-[3-(dimethylamino)propyl]- 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8- 
heptadecafluoro-, monohydrochloride 

41 68081-83-4 Carbamic acid, (4-methyl-1,3-phenylene)bis-, bis[2-[ethyl[(perfluoro-C4-8-alkyl)sulphonyl]amino]ethyl] ester 

42 68298-11-3 1-Propanaminium, 3-[[(heptadecafluorooctyl)sulphonyl](3-sulphopropyl)amino]-N-(2- 
hydroxyethyl)-N,N-dimethyl-, hydroxide, inner salt 

43 68329-56-6 
2-Propenoic acid, eicosyl ester, polymer with 2-[[(heptadecafluorooctyl)sulphonyl] methylamino]ethyl 2-propenoate, hexadecyl 2-propenoate, 2-
[methyl[(nonafluorobutyl)sulphonyl]amino]ethyl 2-propenoate, 2-[methyl[(pentadecafluoroheptyl)sulphonyl]amino]ethyl 2-propenoate, 2-
[methyl[(tridecafluorohexyl)sulphonyl]amino]ethyl 2-propenoate, 2-[methyl[(undecafluoropentyl)sulphonyl]amino]ethyl 2-propenoate and octadecyl 2-propenoate 

44 68239-73-6 1-Octanesulphonamide, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-(4-hydroxybutyl)-N-methyl- 
45 68310-75-8 1-Propanaminium, 3-[[(heptadecafluorooctyl)sulphonyl]amino]-N,N’,N’’-trimethyl-, iodide, ammonium salt 
46 68541-80-0 2-Propenoic acid, polymer with 2-[ethyl[(heptadecafluorooctyl)sulphonyl]amino]ethyl 2-methyl-2-propenoate and octadecyl 2-propenoate 
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Table A1.1:  Draft List of Compounds Potentially Degrading to PFOS in the Environment 
Ref 
No. 

CAS 
Number PFOS related substance 

47 68555-90-8 
2-Propenoic acid, butyl ester,polymer with 2-[[(heptadecafluorooctyl)sulphonyl]methylamino]ethyl 2-propenoate, 2-
[methyl[(nonafluorobutyl)sulphonyl]amino]ethyl 2-propenoate, 2-[methyl[(pentadecafluoroheptyl)sulphonyl]amino]ethyl 2-propenoate, 2-
[methyl[(tridecafluorohexyl)sulphonyl]amino]ethyl 2-propenoate and 2-[methyl[(undecafluoropentyl)sulphonyl]amino]ethyl 2-propenoate 

48 68555-91-9 
2-Propenoic acid, 2-methyl-, 2-[ethyl[(heptadecafluorooctyl)sulphonyl]amino]ethyl ester, polymer with 2-[ethyl[(nonafluorobutyl)sulphonyl]amino] ethyl 2-methyl-
2-propenoate, 2-[ethyl[(pentadecafluoroheptyl)sulphonyl]amino]ethyl 2-methyl-2-propenoate, 2-[ethyl[(tridecafluorohexyl)sulphonyl]amino]ethyl 2-methyl-2-
propenoate, 2- [ethyl[(undecafluoropentyl)sulphonyl]amino]ethyl 2-methyl-2-propenoate and octadecyl 2-methyl-2-propenoate 

49 68555-92-0 
2-Propenoic acid, 2-methyl-, 2-[[(heptadecafluorooctyl)sulphonyl]methylamino]ethyl ester, polymer with 2- [methyl[(nonafluorobutyl)sulphonyl]amino]ethyl 2-
methyl-2-propenoate, 2- [methyl[(pentadecafluoroheptyl)sulphonyl]amino]ethyl 2-methyl-2-propenoate, 2- [methyl[(tridecafluorohexyl)sulphonyl]amino]ethyl 2-
methyl-2-propenoate, 2- [methyl[(undecafluoropentyl)sulphonyl]amino]ethyl 2-methyl-2-propenoate and octadecyl 2-methyl-2-propenoate 

50 68608-14-0 Sulphonamides, C4-8-alkane, perfluoro, N-ethyl-N-(hydroxyethyl), reaction products with 1,1'-methylenebis[4-isocyanatobenzene] 

51 68649-26-3 

1-Octanesulphonamide, N-ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-(2-hydroxyethyl)-, reaction products with N-ethyl-1,1,2,2,3,3,4,4,4-nonafluoro-
N-(2-hydroxyethyl)-1-butanesulphonamide, N-ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,7-pentadecafluoro-N-(2-hydroxyethyl)- 1-heptanesulphonamide, N-ethyl-
1,1,2,2,3,3,4,4,5,5,6,6,6-tridecafluoro-N-(2-hydroxyethyl)-1-hexanesulphonamide, N-ethyl-1,1,2,2,3,3,4,4,5,5,5-undecafluoro-N-(2-hydroxyethyl)-1-
pentanesulphonamide, polymethylenepolyphenyleneisocyanate and stearyl alc. 

52 68867-60-7 
2-Propenoic acid, 2-[[(heptadecafluorooctyl)sulphonyl]methylamino]ethyl ester, polymer with 2-[methyl[(nonafluorobutyl)sulphonyl]amino]ethyl 2-propenoate, 2-
[methyl[(pentadecafluoroheptyl)sulphonyl]amino]ethyl 2-propenoate, 2- [methyl[(tridecafluorohexyl)sulphonyl]amino]ethyl 2-propenoate, 2- 
[methyl[(undecafluoropentyl)sulphonyl]amino]ethyl 2-propenoate and.alpha.-(1-oxo-2-propenyl)-.omega.-methoxypoly(oxy-1,2-ethanediyl) 

53 68877-32-7 

2-Propenoic acid, 2-methyl-, 2-[ethyl[(heptadecafluorooctyl)sulphonyl]amino]ethyl ester, polymer with 2-[ethyl[(nonafluorobutyl)sulphonyl]amino]ethyl 2-methyl-
2-propenoate, 
2-[ethyl[(pentadecafluoroheptyl)sulphonyl]amino]ethyl 2-methyl-2-propenoate, 2-[ethyl[(tridecafluoro-hexyl)sulphonyl]amino]ethyl 2-methyl-2-propenoate, 2-
[ethyl[(undecafluoro-pentyl)sulphonyl]amino]ethyl 2-methyl-2-propenoate and 2-methyl-1,3-butadiene 

54 68891-96-3 Chromium, diaquatetrachloro[ mu.-[N-ethyl-N- [(heptadecafluorooctyl)sulphonyl] glycinato- kappa.O:.kappa.O']]-.mu.-hydroxybis(2-methylpropanol)di- 

55 68909-15-9 

2-Propenoic acid, eicosyl ester, polymers with branched octylacrylate, 2- [[(heptadecafluorooctyl)sulphonyl]methylamino]ethyl acrylate, 2-[methyl 
[(nonafluorobutyl)sulphonyl]amino]ethyl acrylate, 2- [methyl[(pentadecafluoroheptyl)sulphonyl]amino]ethyl acrylate, 2- 
[methyl[(tridecafluorohexyl)sulphonyl]amino]ethyl acrylate, 2- [methyl[(undecafluoropentyl)sulphonyl]amino]ethyl acrylate, polyethylene glycol acrylate Me ether 
and stearyl acrylate 

56 68958-61-2 Poly(oxy-1,2-ethanediyl), .alpha.-[2-[ethyl[(heptadecafluorooctyl)sulphonyl]amino]ethyl]-.omega.-methoxy- 
57 70225-14-8 1-Octanesulphonic acid, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-, compd. with 2,2'-iminobis[ethanol] (1:1) 

58 70776-36-2 
2-Propenoic acid, 2-methyl-, octadecyl ester, polymer with 1,1-dichloroethene, 2-[[(heptadecafluorooctyl)sulphonyl]methylamino]ethyl 2-propenoate, N-
(hydroxymethyl)-2-propenamide, 2-[methyl[(nonafluorobutyl)sulphonyl]amino]ethyl 2-propenoate, 2-[methyl[(pentadecafluoroheptyl)sulphonyl]amino]ethyl 2-
propenoate, 2-[methyl[(tridecafluorohexyl)sulphonyl]amino]ethyl 2-propenoate and 2-[methyl[(undecafluoropentyl)sulphonyl]amino]ethyl 2-propenoate 

59 71463-78-0 Phosphonic acid, [3-[ethyl[(heptadecafluorooctyl)sulphonyl]amino]propyl]- 
60 71463-80-4 Phosphonic acid, [3-[ethyl[(heptadecafluorooctyl)sulphonyl]amino]propyl]-, diethyl ester 
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Table A1.1:  Draft List of Compounds Potentially Degrading to PFOS in the Environment 
Ref 
No. 

CAS 
Number PFOS related substance 

61 71487-20-2 
2-Propenoic acid, 2-methyl-, methyl ester, polymer with ethenylbenzene, 2-[[(heptadecafluorooctyl)sulphonyl]methylamino]ethyl 2-propenoate, 2- 
[methyl[(nonafluorobutyl)sulphonyl]amino]ethyl 2-propenoate, 2- [methyl[(pentadecafluoroheptyl)sulphonyl]amino]ethyl 2-propenoate, 2- 
[methyl[(tridecafluorohexyl)sulphonyl]amino]ethyl 2-propenoate, 2- [methyl[(undecafluoropentyl)sulphonyl]amino]ethyl 2-propenoate and 2-propenoic acid 

62 91081-99-1 Sulphonamides, C4-8-alkane, perfluoro, N-(hydroxyethyl)-N-methyl, reaction products with epichlorohydrin, adipates (esters) 

63 92265-81-1 Ethanaminium, N,N,N-trimethyl-2-[(2-methyl-1-oxo-2-propenyl)oxy]-, chloride, polymer with 2-ethoxyethyl 2-propenoate, 2-[[(heptadecafluorooctyl)sulphonyl] 
methylamino]ethyl 2-propenoate and oxiranylmethyl 2-methyl-2-propenoate 

64 94133-90-1 1-Propanesulphonic acid, 3-[[3-(dimethylamino)propyl][(heptadecafluorooctyl) sulphonyl]amino]-2-hydroxy-, monosodium salt 
65 94313-84-5 Carbamic acid, [5-[[[2-[[(heptadecafluorooctyl)sulphonyl]methylamino]ethoxy]carbonyl]amino]-2-methylphenyl]-, 9-octadecenyl ester, (Z)- 

66 98999-57-6 Sulphonamides, C7-8-alkane, perfluoro, N-methyl-N-[2-[(1-oxo-2-propenyl)oxy]ethyl], polymers with 2-ethoxyethyl acrylate, glycidyl methacrylate and N,N,N-
trimethyl-2-[(2-methyl-1-oxo-2-propenyl)oxy]ethanaminium chloride 

67 127133-66-8 2-Propenoic acid, 2-methyl-, polymers with Bu methacrylate, lauryl methacrylate and 2-[methyl[(perfluoro-C4-8-alkyl)sulphonyl]amino]ethyl methacrylate 
68 129813-71-4 Sulphonamides, C4-8-alkane, perfluoro, N-methyl-N-(oxiranylmethyl) 
69 148240-78-2 Fatty acids, C18-unsatd., trimers, 2-[[heptadecafluorooctyl)sulphonyl]methylamino]ethyl esters 
70 148684-79-1 Sulphonamides, C4-8-alkane, perfluoro, N-(hydroxyethyl)-N-methyl, reaction products with 1,6-diisocyanatohexane homopolymer and ethylene glycol 
71 160901-25-7 Sulphonamides, C4-8-alkane, perfluoro, N-ethyl-N-(hydroxyethyl), reaction products with 2-ethyl-1-hexanol and polymethylenepolyphenylene isocyanate 
72 178094-69-4 1-Octanesulphonamide, N-[3-(dimethyloxidoamino)propyl]-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-,potassium salt 

73 178535-22-3 Sulphonamides, C4-8-alkane, perfluoro, N-ethyl-N-(hydroxyethyl)-, polymers with 1,1'-methylenebis[4-isocyanatobenzene] and polymethylenepolyphenylene 
isocyanate, 2-ethylhexyl esters, Me Et ketone oxime-blocked 

74 182700-90-9 1-Octanesulphonamide, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-methyl-, reaction products with benzene-chlorine-sulphur chloride (S2Cl2) reaction 
products chlorides 

75 

L-92-0151 
(US Pre-
manufacture 
notice) 

2-Propenoic acid, 2-methyl-, butyl ester, polymer with 2-[ethyl[(heptadecafluorooctyl)sulphonyl]amino]ethyl 2-methyl-2-propenoate, 2- 
[ethyl[(nonafluorobutyl)sulphonyl]amino]ethyl 2-methyl-2-propenoate, 2- [ethyl[(pentadecafluoroheptyl)sulphonyl]amino]ethyl 2-methyl-2-propenoate, 2-
[ethyl[(tridecafluorohexyl)sulphonyl]amino]ethyl 2-methyl-2-propenoate and 2-propenoic acid 

76 

P-94-2205 
(US Pre-
manufacture 
notice) 

Polymethylenepolyphenylene isocyanate and bis(4-NCO-phenyl)methane reaction products with 2-ethyl-1-hexanol, 2-butanone, oxime, N-ethyl-N-(2- 
hydroxyethyl)-1-C4-C8 perfluoroalkanesulphonamide 

77 192662-29-6 Sulphonamides, C4-8-alkane, perfluoro, N-[3-(dimethylamino)propyl], reaction products with acrylic acid 
78 251099-16-8 1-Decanaminium, N-decyl-N,N-dimethyl-, salt with 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-1-octanesulphonic acid (1:1) 
79 306973-46-6 Fatty acids, linseed-oil, dimers, 2- [[(heptadecafluorooctyl)sulphonyl]methylamino]ethyl esters 
80 306973-47-7 Sulphonamides, C4-8-alkane, perfluoro, N-(hydroxyethyl)-N-methyl, reaction products with 12-hydroxystearic acid and 2,4-TDI, ammonium salts 
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Table A1.1:  Draft List of Compounds Potentially Degrading to PFOS in the Environment 
Ref 
No. 

CAS 
Number PFOS related substance 

81 306974-19-6 Sulphonamides, C4-8-alkane, perfluoro, N-methyl-N-[(3-octadecyl-2-oxo-5-oxazolidinyl)methyl] 

82 306974-28-7 Siloxanes and Silicones, di-Me, mono[3-[(2-methyl-1-oxo-2-propenyl)oxy]propylgroup] -terminated, polymers with 2-[methyl[(perfluoro-C4-8-
alkyl)sulphonyl]amino]ethyl acrylate and stearyl methacrylate 

83 306974-45-8 Sulphonic acids, C6-8-alkane, perfluoro, compounds with polyethylene-polypropylene glycol bis(2-aminopropyl) ether 
84 306974-63-0 Fatty acids, C18-unsatd.,dimers, 2-[methyl[(perfluoro-C4-8-alkyl)sulphonyl]amino] ethyl esters 

85 306975-56-4 
Propanoic acid, 3-hydroxy-2- (hydroxymethyl)-2-methyl-, polymer with 2-ethyl-2-(hydroxymethyl)-1,3-propanediol and N,N',2-tris(6-
isocyanatohexyl)imidodicarbonic diamide, reaction products with N-ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-(2-hydroxyethyl)-1-
octanesulphonamide and N-ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,7-pentadecafluoro-N-(2-hydroxyethyl)-1-heptanesulphonamide, compounds with triethylamine 

86 306975-57-5 
Propanoic acid, 3-hydroxy-2-(hydroxymethyl)-2-methyl-, polymer with 1,1'-methylenebis[4- isocyanatobenzene] and 1,2,3-propanetriol, reaction products with N-
ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-(2-hydroxyethyl)-1-octanesulphonamide and N-ethyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,7-pentadecafluoro-N-(2-
hydroxyethyl)-1-heptanesulphonamide, compounds with morpholine 

87 306975-62-2 2-Propenoic acid, 2-methyl-, dodecyl ester, polymers with 2- [methyl[(perfluoro-C4-8-alkyl)sulphonyl]amino]ethyl acrylate and vinylidene chloride 

88 306975-84-8 Poly(oxy-1,2-ethanediyl), .alpha.-hydro-.omega.-hydroxy-, polymer with 1,6-diisocyanatohexane, N-(hydroxyethyl)-N-methyl perfluoro C4-8-alkane sulphonamides-
blocked 

89 306975-85-9 2-Propenoic acid, 2-methyl-, dodecyl ester, polymers with N-(hydroxymethyl)-2-propenamide, 2-[methyl[(perfluoro-C4-8-alkyl)sulphonyl]amino]ethyl methacrylate, 
stearyl methacrylate and vinylidene chloride 

90 306976-25-0 1-Hexadecanaminium, N,N-dimethyl-N-[2-[(2-methyl-1-oxo-2-propenyl)oxy]ethyl]-, bromide, polymers with Bu acrylate, Bu methacrylate and 2-
[methyl[(perfluoro-C4-8-alkyl)sulphonyl]amino]ethyl acrylate 

91 306976-55-6 2-Propenoic acid, 2-methyl-, 2-methylpropyl ester, polymer with 2,4-diisocyanato-1-methylbenzene, 2-ethyl-2-(hydroxymethyl)-1,3-propanediol and 2-propenoic 
acid, N-ethyl-N-(hydroxyethyl)perfluoro-C4-8-alkanesulphonamides-blocked 

92 306977-58-2 2-Propenoic acid, 2-methyl-, 3-(trimethoxysilyl)propyl ester, polymers with acrylic acid, 2-[methyl[(perfluoro-C4-8-alkyl)sulphonyl]amino]ethyl acrylate and 
propylene glycol monoacrylate, hydrolysed, compounds with 2,2'-(methylimino)bis[ethanol] 

93 306978-04-1 2-Propenoic acid, butyl ester, polymers with acrylamide, 2-[methyl[(perfluoro-C4-8-alkyl)sulphonyl]amino]ethyl acrylate and vinylidene chloride 
94 306978-65-4 Hexane, 1,6-diisocyanato-, homopolymer, N-(hydroxyethyl)-N-methyl perfluoro-C4-8-alkane sulphonamides- and stearyl alc.-blocked 
95 306979-40-8 Poly(oxy-1,2-ethanediyl), .alpha.-[2-(methylamino)ethyl]-.omega.-[(1,1,3,3-tetramethylbutyl)phenoxy]-, N-[(perfluoro-C4-8-alkyl)sulphonyl] 
96 306980-27-8 Sulphonamides, C4-8-alkane, perfluoro, N,N'-[1,6-hexanediylbis[(2-oxo-3,5-oxazolidinediyl)methylene]]bis[N-methyl- 
Sources:  US EPA (2002a); US EPA (2002b); Environment Agency (2001); Consultation with Environment Canada (note that RPA reviewed a confidential draft list of PFOS precursors 
that was provided by Environment Canada.  This was developed from the 182 PFAS that were listed in a June 2000 survey to Canadian industry (Environment Canada, 2000).  The draft 
list will be available as an appendix in the draft screening assessment report on PFOS and its Precursors that the Departments of Environment and Health Canada will release for public 
comment in early 2004 (Windle, 2003)). 
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Annex 2:  
Major Product Categories and Applications for Perfluorooctylsulphonates (OECD, 2002) 
 
 

Electro-chemical fluorination (ECF) cells
(Octanesulphonyl fluoride + HF + electricity)
 

Perfluorooctanesulphonyl fluoride
(PFOSF) 

(Chemical intermediate) 

Perfluorooctanesulphonic acid 
(PFOSA) 

Chemical intermediate 
Acid catalyst for photoresists 

 
 

N-Alkylperfluorooctane-
sulphonamidoethanol  

(FOSE) 
Chemical intermediate 

 

N-Alkylperfluorooctanesulphonamide 
(FOSA) 

Chemical intermediate 
Pesticide active ingredient 

 

K+, Li+, DEA, NH4
+ Salts 

- surfactant in fire-fighting 
foam; 

- surfactant for alkaline 
cleaners; 

- emulsifier in floor polish; 
- mist suppressant for metal 

plating baths; 
- surfactant for etching acids 

for circuit boards; and 
- pesticide active ingredient for 

ant bait traps. 
 
Amines 

- mist suppressant for metal 
plating baths. 

 
Quaternary Ammonium Salts 

- mist suppressant for metal 
plating baths. 

 
Amphoterics 

- water/solvent repellence for 
leather/paper. 

 

Carboxylates
- antistatic agent in photographic 

paper. 
 
Amides 

- pesticide active ingredient. 
 
Oxazolidinones 

- waterproofing casts/wound 
dressings. 

Alcohols 
 
Silanes 
 
Alkoxylates 
 
Fatty acid esters 
 
Adipates 
 
Urethanes 
 
Polyesters 
 
Acrylates 
 
Copolymers 
 
Phosphate esters 

Soil/water repellence for: 
- carpet; 
- fabric/upholstery; 
- apparel; 
- leather; and 
- metal/glass. 

Oil/water repellence for:
- plates; 
- food containers; 
- bags; 
- wraps; 
- folding cartons 
- containers; 
- carbonless forms; 
- masking papers. 
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Annex 3  
Overview of Uses for PFOS and PFOS Related Substances (UK Stage 4 final report) 
Group Uses/Applications End Product Substances Used (if known) 

Apparel/Textile 

Fabric/upholstery 

Carpets 
Treatment 

Automotive interiors 

Treatment of metal and glass Metal/glass 

FOSE alcohols 
FOSE silanes 
FOSE alkoxylates 
FOSE fatty acid esters 
FOSE adipates 
FOSE urethanes 
FOSE acrylates 
FOSE polyesters 
FOSE copolymers 

Leather treatment (water/oil/solvent 
repellence) Leather As above including PFOSA 

amphoterics 

Su
rf

ac
e 

Tr
ea

tm
en

t A
pp

lic
at

io
ns

 

Mist suppressant 
Corrosion inhibitors Metal plating baths PFOSA K+, Li+, DEA and NH4

+ salts 

Plates and food containers 

Bags and wraps 

Folding cartons 

Containers 

Carbonless forms 

Pa
pe

r 
Pr

ot
ec

tio
n 

A
pp

lic
at

io
ns

 Water/oil grease/solvent repellence 

Masking papers 

FOSE acrylates 
FOSE copolymers 
FOSE phosphate esters 

Surfactant in fire fighting 
foams 
Surfactant in alkaline cleaners Surfactants 

Mine and oil well surfactants 

Denture cleaners 

Shampoos 

Carpet spot cleaners 
Cleaning agents 

Mould release agents 

PFOSA K+, Li+, DEA and NH4
+ salts 

Waxes and polishes Emulsifier in wax and floor 
polishes PFOSA K+, Li+, DEA and NH4

+ salts 

Coatings Coating additives  

Photography 
Antistatic agents; 
Surfactants for paper, films, 
photographic plates; 

FOSA carboxylates 

Photolithography Coatings for semiconductors 
anti-reflective coatings  

Pesticides active ingredient FOSA amides  
Pesticides/insecticides Active ingredient for ant bait 

traps PFOSA amines 

Chemical synthesis Chemical intermediates PFOSF, PFOSA, FOSA, FOSE 

Medical applications Waterproofing casts/wound 
dressings FOSA oxazolidones 

Pe
rf

or
m

an
ce

 C
he

m
ic

al
 A

pp
lic

at
io

ns
 

Hydraulic fluids Hydraulic agents  
 

Sources: Danish EPA, 2002; OECD, 2002; Consultation 
Notes: PFOSA: Perfluorooctanesulphonic acid; FOSA: N-Alkylperfuorooctanesulphoneamide; FOSE: N-
Alkylperfluorooctanesulphonamidoethanol; PFOSF: Perfluorooctanesulphonyl fluoride; DEA: Diehanolamine 
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